IN THIS ISSUE 


Steel Welding Filler Metal. .......... 433 
Cutting and Grooving ...... . 438 
Standards .................. 446 
and Control on Filler Welds ......... 449 
meeeemic Manganese Stee! Welding Electrodes .... 459 
of Properties in Hot-Worked Steels... . 209-s 
eevee Conditions Ambient to Inert Arcs ....... 218-s 
Vessel Tests 2s 
tor Pressure Vessels and Boilers ........ 239-s 
Survey of High-Strength Steels ........ 

Table of Contents... ... 431 

index to Advertisers ............ 524 


AMERICAN WELDING SOCIETY 


2 
- 
; 


MODEL A-532 


*QUANTITY BRACKET PRICES 


SEE YOUR LOCAL 
WELDING SUPPLY 
DISTRIBUTOR 


WRITE FOR TWECOLOG 
Data and prices on the 
complete TWECO line of 
electrode holders, ground 
clamps and cable connec- 


ELECTRODE HOLDERS 
COST LESS* 
to Buy...to 


HERE'S WHY PEOPLE BUY 
TWECOTONG 


woona7z2 Interchangeable Tip Insulators 
© Powerful Rod Grip — All Positions 
© Only 4 Simple Screwdriver Screws 
¢ Clamp & Solder Cable Connection 
© Comfortable Size Ventilated Handle 
© Cool Running High Copper Alloy 


PLUS patented 


SUPER-MEL 


LAMINATED GLASS CLOTH 


MODEL A-14 


AIR-WAY MODEL A-516 


INSULATION 
won't Break 
wont Gum 
won't turn to Carbon 


YOU 10 TO 25% 


SAVE 


$4.50 
4 

$4.75* 
4 $5.00* | 

$5.50* 

af 

$6.50* 

$7.00" 
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For WELDING Only 


’ HOBART offers a model to meet your special requirements 


For the profitable outside jobs and emer- 
gency repair work where light weight, 
speed and low cost operation are essen- 
tial in getting the big pay jobs. 


“HUSKY BOY” —a 200 amp. DC air cooled 
gas engine welder for equipping a quick 
action lightweight service truck. A com- 
pact, low investment unit with features 
for modern welding requirements. 


AC POWER—AC WELDER—AIR COOLED— 
This single unit serves two purposes. 
Furnishes power for welding or 110/220 
power for running motors, lights, tools 
and other electrical accessories. 


Hobart's complete line of welding equip- 
ment permits you to select just the right 
unit and size for your particular work. 
Equipment that is designed with special 
built-in features. 


DC WATER COOLED — Gas engine driven 
welders with Remote Control, Self-start- 
ing and Dual Control, making possible 
1000 combinations of welding heat are 
but a few of the many extras you get in 
Hobart. 


AC POWER—AC WELDER—WATER COOLED 
—for general service or emergency use. 
For contractors, and others where oper- 
ation may be carried on independent of 
electric power lines. As a welder, or runs 
motors, lights, tools, grinders, compres- 
sors, pumps, etc. 


ERATOR ONLY for use with your own 


Now you can have the Same advantages of welding ome 
and power units in a generator only that lets you 
, ¢ quickly and easily belt or couple the unit to your 
for DC Own power source. 


WELDING eB TF fi fe FOR OC WELDING — this generator only is ideal for 
at. building your own portable gasoline engine driven 
welder, by means of direct coupling to a gas engine 

or by means of power take off. 


AC POWER—AC WELDER GENERATOR ONLY—with min- 
imum investment you can supply your own power 
and have all the advantages of Hobart revolutionary 
AC-AC combination. Can be taken to the job for weld- 
ing or used as electrical power source in the field. 


HOBART OHIO WELDERS 21225 


HOBART BROTHERS CO., BOX WJ-54, TROY, OHIO, U.S.A. 
FREE Please send information on the items checked below: 
Weldor’s Amp. Capacity Portable Stationary 
Vest Pocket 1 OC Welder Gas Drive ~] Air Cooled [) Water Cooled 
Guide. AC Power-AC Welder Gas Drive Air Cooled [ Water Cooled 
} DC Welder Generator Only AC Power-AC Welder Gen. Only 
) Electric Motor Driven Weider [| AC Transformer Welder [_] Constant Voltage 
for automatic welding Electrode Samples for 


NAME : POSITION__ 


AC TRANSFORMER 


Cuctiiity, send for samples. 


CONSTANT VOLTAGE FOR ADDRESS___ 
AUTOMATIC WELDING 


Lu 

. 

are 00 

AC POWER j 

WELDING 4 

ELECTRIC MOTOR DRIVEN eral Purpose 

vith a stable. penetrating 


sbuilt to give 
maximum flexibility—take s handling and 
service conditions. . . . Its tough 
NEOPRENE cover resists attack of oils; 
alkalies, sunlight, heat and abrasion—provides 
easier flexing for more convenient and 
efficient operation. . . . Conductor is composed 
of many carefully stranded, fine, soft annealed 
copper wires—thin paper separator protects 
conductor strands and simplifies jacket stripping 


when making connections. 


For more particulars 


- outstanding line of 
power cable, too— 


and TAK £ | contact your dis- 


tributor or nearest 


M &T office. 


* Meets A.S.T.M. Specification DETINNING 


for THERMIT WELDING 


METALS and ALLOYS 

ARC WELDING—Materials and Equipment 
CHEMICALS and ANODES for Electrotinning 
CERAMIC OPACIFIERS 

STABILIZERS for Plastics 

TIN, ANTIMONY and ZIRCONIUM CHEMICALS 


METAL & THERMIT CORPORATION 


100 East 42 Street © New York 17, N. Y. 
MUREX ELECTRODES * ARC WELDERS * ACCESSORIES 
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Save the time and cost of “specials” 


by checking Mallory standard stock 


Many of the resistance welding elec- 
trodes, holders and accessories that 
you've been considering as “special” 
are probably standard, stock items for 
Mallory. Get acquainted with the var- 
ied line of welding supplies available 


from Mallory; you'll save the extra 


cost of many custom-made items, and 


you'll get promp! deliveries from ware- 


house stocks. 


Write for this NEW 
Resistance Welding 


Catalog 


Anyone concerned with the specifying 
or purchasing of welding materials will 
find the new Mallory catalog a valu- 
able reference source. It covers the 
complete list of all Mallory electrodes. 
seam welding wheels, holders, forgings. 
dies and materials... all grouped 

easy-to-use sectional arrangement. In- 
cluded for the first time are full speci- 
fications for heavy duty “Nu-Twist™ 


and “Premium” holders, and expanded 
data on welding dies. A simplified cod- 
ing system is used for identifying the 
many types of bent electrodes. All 
Mallory distributors are listed. 


Get your copy now, through your 


Mallory distributor or by writing to Expect More — 
Mallory today. MALLORY & 
Get More from MALLORY 


In Canada, made and sold by Johnson Matthey and Mallory Ltd., 110 Industry Street, Toronto 15, Ontario 


Pp. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 


Serving Industry with These Products: 
Electromechanical—Resistors © Switches © Television Tuners * Vibrators 
Electrochemical — Capacitors « Rectifiers * Mercury Batteries 


Metallurgical—Contacts * Special Metals and Ceramics * Welding Materials 


For information on titanium developments, contact Mallory-Sharon Titanium Corp., Niles, Ohio 
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Parts that 
can take it... 


because they’re 


Welde 


A power shovel dipper stick has to be strong. It must with- 


stand severe barging, twisting, and bending stresses as its 


huge scoop bites out hundreds of tons of earth and rock 


in each day’s operation. But these dipper sticks can take it— 


they're made by welding. 


Strong, clean Untonmect welds can be made in metals 


up to 3-in. thick in a single pass. There is no limit to the 


metal thickness that can be joined by multiple passes. 


Research and years of experience have helped Linpe to 


develop a top notch team of fabricating processes— HELIARC, 


sigma, and UnionmMeLt welding. For small shops or huge 


production lines, from carbon steel to complex alloys— 


there is a LinpE electric welding process to do the job. 


Your local LinpE representative will help you determine ‘ 


Dipper sticks have to be strong to absorb severe stresses. That's one the best welding process for your job. Call him today for 
reason why the three main sections of this part are UNIONMELT welded. ; é : 
Sound welds can be made in metal up to 3-in. thick in a single pass. more information. 


LINDE AIR PRODUCTS COMPANY 
A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street [Ia] New York 17, N. Y. 
Offices in Other Principal Cities 


In Canada: DOMINION OXYGEN COMPANY 
Division of Union Carbide Canada Limited, Toronto 


Trade-Mark 


“Heliarc,” “Unionmelt,” and “Linde” are registered trade-marks of Union Carbide and Carbon Corporation. 
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Welding 
Monel-Clad Steel? 


are 


If you are doing any of the following jobs, Inco’s “140” Monel 
electrode is the one to use: 


1. Welding the clad side of Monel-Clad Steel. 


2. Overlaying Monel on steel. 


3. Joining wrought or cast Monel and nickel to 
steel and stainless steel. 


The “140” Monel electrode has a special low-carbon flux coat- 
ing which enables you to make crack-free deposits of Monel® 
directly on steel. 


Technical Data for 
“140” MONEL ELECTRODES 


Current requirements: D.C., reversed polarity 
35- 60 


For special applications, the “140” Monel electrode offers 


3/32” dia. — amps. 


other important advantages: 


e Eliminates the need for a seal bead of nickel in weld- 


Although not recommended specifically for that purpose, 
“140” Monel electrodes may be used to weld solid Monel in 
place of the standard “130” Monel electrode. 


If you encounter problems in welding any of the Inco Nickel 
Alloys, remember that Inco’s Technical Service Section is 
always ready to assist you. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street, New York 5,.N. Y. 


wate 


1/8” 
5/32” 


dia. 


7 3/16" dia. — 140-190 amps. 
ing the clad side of Monel-Clad Steel. 
we ‘ Properties of welds: 
e Eliminates need for a barrier layer of nickel weld Butt Joints — (°<* Plate) Tensile P.$.1. % Elong. 
metal between steel and Monel overlays. Monel to mild steel 70,100 45 
Nickel to mild steel 64,600 49 
e@ “140” welds have corrosion resistance and physical Monel to Type 316 
stainless 87,800 44 
properties comparable to solid Monel. 
stainless 81,100 


70-110 
110-150 


amps. 


amps. 


Guided bend test specimen 
of welded overlay made 
with new ‘‘140"’ Monel elec- 
trode directly on 3” by 6” by 
3/8” steel plate. Note the 
excellent ductility and ad- 
herence of the deposit. 
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Electrodes 


Steel Welding Rods 


and Bare 


® Two years in the drafting, the new specifications for bare wire filler metals 
are now available as AWS Specification A5.9-53T or ASTM Specification 


A371-53T. Prior to its issuance, the Subcommittee prepared the follow- 


ESPITE the great many advances which have been 
made in the science of metallurgy and welding in 
the past decade, the Committee which has been dele- 
gated the responsibility for writing specifications for 

welding filler metal chemistry is faced with the problem 
of setting rather definite limits with less quantitative 
data available than would be desirable. Such a situa- 
tion results in a studied compromise by the Committee 
between the wide limits desired from the standpoint of 
ease of manufacture to these specifications and the nar- 
row limits desired to make the properties of all ma- 
terials which meet the specification as nearly constant 
as possible. 

Since many of the decisions made in this regard are of 
necessity arbitrary, it was felt desirable to record the 
considerations upon which the chemical limits set forth 
in the specification are based for the following reasons. 

1. To facilitate revision of these specifications when 

additional data indicates the desirability of 
such a revision. 


To facilitate revision of comparable specifications 

for covered arc-welding electrodes. 

3. To facilitate the acceptance of bare filler metals of 
modified composition limits where this is 
necessary in special applications not considered 
in these specifications. 

4. To assist in establishing the risk involved in 

accepting bare filler metals outside of these 

specifications. 


In the case of the chromium and chromium-nickel 
corrosion-resistant steels the sensible point for the de- 


Prepared by Subcommittee IV—High-Alloy Steel Filler Metal AWS-ASTM 
Committee of Filler Metal. 


ing explanation of the composition requirements in these specifications 


velopment of an electrode specification should be the 
comparable specifications for base metal of the same 
grades. Tables 1 and 2 provide a comparison between 
the AISI specifications and the AWS-ASTM specifica- 
tions for bare electrodes and welding rods. Since the 
behavior of materials of the same chemistries should be 
the same in weld deposits as in base metals the deviation 
in the chemistry of the weld deposits must be explained 
on the basis of changes in chemistry in the transfer of 
metal to the weld or in other special considerations re- 
quired in welding to achieve a sound weld or a weld of 
satisfactory properties in view of the microsegregation 
and cast structure present in the weld deposit. 

In order to simplify the presentation, the deviations 
in chemistries of the chromium-nickel and chromium 
grades will be discussed separately. 


CHROMIUM-NICKEL STAINLESS STEELS 


The earliest attempts to weld with filler metals of 
compositions similar to the chromium-nickel austenitic 
steel base metals resulted either in micro or macro 
cracking. On an almost empirical basis, it was found 
that those compositions with lower nickel contents and 
higher chromium contents exhibited a much lesser tend- 
ency toward cracking than the normal compositions. 
Micro examination of weld deposits of the crack-free 
welds showed them to contain small percentages of a 
second constituent, ferrite, in the austenitic matrix. 

The metallurgical phenomena involved in the forma- 
tion of the duplex ferrite-austenite structure of these 
welds is quite involved but it is of sufficient importance 
to warrant a brief discussion. Pure iron solidifies first 
as ferrite and upon cooling transforms to austenite and 
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Table l—Comparison of Base Metal and Bare Filler Metal Chemical Requirements for Chromium-Nickel Steels 


Nickel Chromium 
equivalent t equivalentt 
c* Cr Ni Mo Si* Mn* r S (Ni) (Cr) 
ER308 0.08 19.5-22.0§ 9.0-11.0 0.60 1.0-2.5 0.03 0.038 11.0 -14.65 19.95-22.90 
AISI 308 0.08 19.0-21.0 10.0-12.0 1.00 2.0 0.04 0.03 12.0 -15.40  19.45-22.5 
ER308L 0.03 19.5-22.0§ 9.0-11.0 0.60 1.0-2.5 0.03 0.038 10.1 -13.15  19.95-22.90 
AIST 308L 0.08 19.0-21.0 10.0-12.0 1.00 2.0 0.04 0.04 11.1 -13.9 19.45-22.5 
ER309 0.12 23.0-25.0 12.0-14.0 0.60 1.0-2.5 0.03 0.03 14.0 -18.85 23.45-25.90 
AISI 309 0.20 22.0-24.0 12.0-15.0 1.00 2.0 0.04 0.03 14.9 -22.0 22. 45-25.5 
ER310 0.08-0.15 25.0t 20.0t 0.60 1.0-2.5 0.03 0.038 23.65-27.75 25. 45-28.0 
AISI 310 0.25 24.0-26.0 19.0-22.0 a 1.50 2.0 0.04 0.03 22.5 -30.5 24.75-28.25 
ERS316 0.08 18.0-20.0 12.0-14.0 2.0-2 0.60 1.02.5 0.038 0.038 14.0 -17.65 20.45-23.4 
AISI 316 0.10 16.0-18.0 10.0-14.0  2.0-3. 1.00 2.0 0.04 0.03 12.0 -18.0 18.75-22.5 
ER316L 0.03 18.0-20.0 12.0-14.0 2025 060 1.02.5 0.03 0.083 13.10-16.15  20.45-23.4 
AISI 316L 0.08 16.0-18.0 10.0-14.0 203.0 1.00 2.0 0.04 0.03 11.10-15.90  18.75-22.5 
ER317 0.08 18.5-20.5 12.0-14.0 3.25-4 0.60 1.0-2.5 0.03 0.03 14.0 -17.65 22.20-25.4 
AISI 317 0.10 18.0-20.0 12.0-14.0  3.0-4. 1.00 2.0 0.04 0.03 14.0 -18.0 21.75-25.5 
ER330 0.15 0.25 15.0-17.0 34.0f 0.60 1.0-2.5 0.03 0.03 39.0 -44.75 15.45-17.90 
330 0.25 14.0-17.0  33.0-37.0 1.00 2.0 0.04 0.03 36.5 -45.50  14.75-18.50 
ER347 0.08" 18.5-21.0§ 8.5-10.5 0.60 1.0-2.5 0.03 0.03 10.5 -14.15  19.20-22.40 
AISI 347 0.08" 17.0-19.0 9.0-12.0 1.00 2.0 004 0.068 11.0 -15.40 18.0 -21.0 


* Denotes maximum permissible values unless range is shown; for computation of equivalents, reasonable values 


have been used. 


for the minima 


t Denotes minimum permissible percentages; for computations of equivalents, a range of approximately 2% has been used. 


t Computation as indicated by the Schaeffler Diagram (Figure 1). 


§ Chromium /nickel ratio 1.9/1 minimum. 
” Columbium 10XC minimum, 1.00% maximum. 


Ni, 

C Cr max 

ERALO 0.07-0. 12 12.0-14.0 0.6 
AISI 410 0.15 max 11.5-13.5 

ER420 0.25-0.40 12.0-14.0 0.6 
AISI 420 0.15 min 12.0-14.0 

ER430 0.10 max 15.5-17.0 0.6 
AISI 430 0.12 max 14.0-18.0 

ER502 0.10 max 4.5-6.0 04 


AISI 502 0.10 max 40-69 


Table 2—Comparison of Base Metal and Bare Filler Metal Chemical Requirements for Chromium Steels 


Mo, Mn, Si, S, P, 
max mar mar max mar 
0.6 0.6 0.50 0.03 0.038 
1.0 1.0 0.038 0.04 
0.6 0.50 0.08 0.03 

1.0 1.0 0.03 0.04 
0.6 0.50 0.03 0.03 
1.0 1.0 0.038 0.04 
0.45-0 65 0.6 0.60 0.03 0.03 
10 1.0 0.03 0 04 


again at lower temperatures the austenite transforms to 
ferrite, the phase stable at room temperature. Addi- 
tions of nickel, carbon and manganese to iron tend to 
suppress the lower temperature transformation from 
austenite and when the percentages of these elements 
are sufficiently high the transformation may be sup- 
pressed to subzero temperatures producing an austeni- 
tic steel. The addition of chromium, molybdenum, 
silicon, titanium, columbium and tungsten to iron tend 
to suppress the high temperature transformation of 
ferrite to austenite and when sufficient percentages of 
these elements are present, the transformation may be 
completely suppressed, producing a ferritic steel. 
Thus a proper balance of nickel, carbon and manganese 
with chromium, molybdenum, silicon, titanium, colum- 
bium and tungsten may produce a weld deposit which 
may consist of either austenite or ferrite or a mixture of 
the two phases in any proportion. 

The quantitative effect of these elements in this re- 
gard is well shown in the Schaeffler diagram presented in 
Fig. 1. The approximate structure of a weld metal 
composition may be determined by locating the com- 
position on the diagram after multiplication of the per- 
centages of the elements by the proper factor. 
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The chemical compositions limited by the AWs- 
ASTM bare electrode and welding rod specification are 
shown in Figs. 2-7, together with the comparable base 
metal specifications. When welding AISI steels with 
similar filler metals, the resulting weld metal composi- 
tion and hence its microstructure is influenced by the 
base metal composition as well as the filler metal com- 
position. Any changes in composition which take place 
during fusion, especially those encountered in sub- 
merged are welding, must also be considered in using the 
diagrams to predict approximate weld compositions and 
microstructures. 

It will be observed that the base metals for the most 
part tend to fall more in the austenitic region, whereas 
the weld metal compositions meeting ER308, E:R308L 
and ER347 must contain some ferrite*. This has 
been accomplished by requiring higher chromium and 
lower nickel contents. Additional assurance of the 
presence of ferrite is obtained by restriction of the 
Cr/Ni ratio to 1.9 minimum which in effect cuts off the 
upper left-hand corner of the diagram. 


* No figures have been included for the ER308L and ER316L composi- 
tions because, as can be seen in Table 1, the chromium equivalents are 
identical with the ER308 and ER316 compositions; and nickel equivalents 
are only slightly lower as a result of the lower carbon maximum. 
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Ferrite 


Nickel Equivalent =%Ni. + 30x%C +0.5x %Mn. 
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Fig. 1 


The lower limits on nickel and the upper limits on 
chromium are restricted in order to control the maximum 
ferrite present in the weld deposit. 
ages of ferrite in the weld deposit may be expected to 
have the following effects: 

1. Since ferrite is magnetic the permeability of the 
weld deposit will increase. 


Increased percent- 


2. The ferrite phase has a tendency to transform to 
the brittle sigma phase during heat treatment in the 
range of 1300 to 1600° F or during service at tempera- 
tures above 1000° F with a resultant loss in ductility. 
Some experience has been reported with embrittle- 
ment in highly ferritic weld deposits at temperatures 
as low as 800° F similar to the embrittlement in the 


Austenite 
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Fig.2 Constitution diagram for stainless steel weld metal 
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18 20 22 24 26 28 30 32 34 36 38 40 
Chromium Equivalent =%Cr + Mo. x #O0.5x% Cb. 


Constitution diagram for stainless steel weld metal 


The embrittle- 
ment resulting from both these phenomena increases 


straight chromium steels in this range. 


with increasing percentages of ferrite. 

3. Since the corrosion resistance of the chromium- 
nickel austenitic steels is due to the formation of a 
continuous adherent chromium oxide film on the surface 
and is not greatly dependent upon the steel being 
austenitic, the presence of ferrite does not adversely 
affect the corrosion resistance as measured by the 
Strauss and Huey tests. One been en- 
countered, however, where pitting of the ferrite has 
occurred in a mildly corroding medium. 

For the above reasons the committee endeavored to 
limit the ferrite content to a maximum value by control 
of chemistry within commercially acceptable limits. 


case has 
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Fig. 3 Constitution diagram for stainless steel weld metal 
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In the molybdenum containing alloys ER316, ER- 
316L, and ER317 the specifications permit both fully 
austenitic and partially ferritic weld deposits. While 
this is in contradiction to the thesis that the presence 
of ferrite is important in preventing weld cracking, it 
has been observed that the presence of molybdenum 
tended to inhibit cracking even in the fully austenitic 
compositions of these electrodes. 

It may be noted in Fig. 4 that the ER310 com- 
positions have structures consisting only of austenite. 
This is also true of ER330 compositions. It is obvious 
from Fig. 4 that prohibitive alterations in composition 
would be necessary to provide partially ferritic welds 
and, as might be expected, welds of these compositions 
are more prone to cracking than the electrodes dis- 
cussed previously. 

Experience with welds of the fully austenitic type 
have indicated that it is desirable to maintain a high 
manganese content and a low silicon content and that 
a low ratio of silicon content to carbon content is de- 
sirable. While the reasons for the effectiveness of a 
high manganese content in preventing cracking is not 
fully understood, it may be postulated that its effective- 
ness is due to the elimination of grain boundary sul- 
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fide films. It has been proposed that low silicon con- 
tents and a low silicon to carbon ratio prevent the 
formation of low melting silicate films which may also 
form in grain boundaries and cause cracking. 

In accordance with the above, the carbon contents 
of ER310 and ER330 are higher than permitted in the 
other electrode specifications. It may be noted that a 
uniformly higher manganese and a lower silicon con- 
tent is required for all the chromium-nickel electrodes 
than for comparable base metal specifications. This 
results from the desire to minimize cracking in the par- 
tially ferritic grades as well as in ER310 and ER330 
in the event that base metal dilution causes sufficient 
composition change to make the structure of the 
normally partially ferritic grades fully austenitic. 

While it would also be desirable from the standpoint 
of weld cracking to permit higher carbon contents in 
the ER308, ER309, ER316, ER317 and ER347 grades, 
higher carbon contents would result in a lower corro- 
sion resistance because of the localized depletion of 
chromium caused by the precipitation of chromium 
carbides. Because of the above consideration the car- 
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permitted by the base metal specification. 


CHROMIUM STEELS 


The straight chromium corrosion-resisting steels are 
usually divided into two classes based on their be- 
havior during heat treatment. The martensitic grades 
are ER410, ER420 and ER502 which transform to aus- 
tenite upon heating and back to hard martensite on air 
cooling. Type ER430 is considered a ferritic grade. 
Though its structure contains some martensite, on air 
cooling the major constituent is delta ferrite which 
exhibits no allotropic change on heating and cooling. 

In Table 2 it will be noted that the filler metal compo- 
sitions are essentially the same as for the comparable 
base metals with a few exceptions: 

1. The carbon contents for all except the ER420 
grade are kept low so as to minimize the hardness and 
therefore weld cracking tendencies of these allovs when 
insufficient preheat is used. For ER420, the carbon 
is required to provide higher hardness than can be 
obtained with ER410 but more care is needed in pre- 
heating and heat treatment to avoid weld cracks. 

2. The chromium contents are practically identi- 
cal to AISI ranges except in ER430 where a very re- 
stricted range is specified. Since ER430 is a borderline 
alloy its corrosion and impact properties are sensitive 
to change in composition, especially chromium. If 
chromium is permitted in the low portion of the range 
given by AISI the corrosion resistance will suffer; high 
chromium deposits tend to show reduced impact 
properties. 

3. The nickel is a residual and while it is not 
specified by AISI, many ASTM specifications provide 
maximum limits as shown in these specifications. 

4. Molybdenum is an essential element in ER502 
since it provides the creep strength usually demanded 
of this grade in service and minimizes embrittlement at 


bon contents of ER316 and ER317 are lower than those 


elevated temperatures. There has been a difference in 
opinion as to the need for molybdenum in ER410, some 
holding that some high temperature applications re- 
quire this element and since it does no harm it should 
be mandatory. By specifying a maximum, the grade 
‘an be supplied with or without molybdenum. For 
users requiring high-temperature strength a minimum of 
0.40 molybdenum should be specified. 

5. Manganese and silicon contents are controlled 
to slightly lower maximum values than permitted by 
AISI since experience has shown less welding diffi- 
culties when these elements are kept low. 


GENERAL 


These specifications are considered applicable to 
filler metals for use in a wide variety of welding pro- 
cesses. It should not be inferred, however, that the use 
of materials conforming to these specifications will in 
any way relieve the user of the need to conduct suffi- 
cient tests to demonstrate the acceptability of the weld 
for a particular application itself. Materials specifi- 
cations can be nothing more than one link in the 
chain which supports a satisfactory manufacturing 
controls system. 

In some welding processes, in some base metal compo- 
sitions or in some ranges of base metal size or thickness 
borderline conditions may prevail, and frequently filler 
metals play an important role in determining whether or 
not the final weldment is accepted or rejected. In such 
borderline cases, it is easily possible for two compo- 
sitions of filler metal, both meeting the requirements of 
these specifications, to result in acceptable performance 
in one case and rejectable performance in the other. 

These specifications, like any materials specifications, 
must not be considered the sole means of control of 
weldment properties. Qualification, supervision and 
inspection must be used to provide proper quality 
control of the product. 
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Cutting and Grooving 


» Principles of shielded metal-are cutting and grooving; char- 
acteristics and development of special coatings; cutting and 
grooving of mild steel, stainless steel, cast iron and copper; ; 
effects of electrode diameter, current, cutting or grooving speed 


by Helmut Thielsch and Joseph Quaas This makes shielded metal-are cutting particularly 
suitable for cutting of sheet materials and light struc- 


tural sections. However, the process works equally 
well on heavy sections. 


PRINCIPLES 


HE primary function of the coating is to stabilize 
and concentrate the are onto the area to be cut or 
grooved. The coating has dielectric properties 
and decomposes more slowly than the core wire. 

During the cutting or grooving process the coating 

forms a crater which extends beyond the core wire 

by about '/s to 4/j in. For four different grooving 
electrodes this is illustrated in Fig. 1. Because of these 
characteristics, the electrodes can be inserted into holes, 
gaps or grooves without short circuiting. In piercing 
operations, the electrode actually can be ‘‘pushed”’ 
through the metal without “freezing.” 


INTRODUCTION 


In recent years many new procedures have been de- 
veloped for the cutting of metals. Most of them have 


been discussed in numerous papers. However, 

one method, although widely used, has not been ex- Fie. 1 Greeving electrodes after partial consumption 

plored and data relative to its performance charac- showing “‘tube”’ of coating protruding around steel core 
wire 


teristics have not been published except for a_ brief 
discussion in the Hanpsook.* This method 
employs electrodes with special coatings designed for 
cutting and grooving. Since the development of these 
new electrodes has given industry new working tools, 
this article serves to fill a gap in our technical know-how 
of metal cutting and grooving. 

The high power concentration of the cutting and 
grooving electrodes results in a very narrow heat-affecte | 
zone in the base metal. Since distortion in the heat- 
affected zone is directly related to the temperature rise, 
the distortion in shielded metal-are cutting is small. 


Helmuth Thielsch was Director of Applied Welding Engineering and Joseph 
uaas is Manager of Electrode Production with the Eutectic Welding 
Alloys Corp., Flushing, N. Y. 


Presented at the Thirty-Fourth National Fall Meeting, AWS, held in 
Cleveland, Ohio, week of Oct. 19-23, 1953. 


* Tue Hanpsook, Third Edition, Chapter 25, Cutting,”’ 
pp. 550-554, 1950, American We.pine Society, New York, N. Y. 


Fig. 2 Grooving of heavy steel plate 
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The shielded metal-arc cutting and grooving elec- 
trodes are used with standard power sources and elec- 
trode holders. Although a ¢ may be used, d ¢ straight 
polarity is generally preferred. The current settings 
recommended are usually 10 to 50°, higher than those 
for welding with the same diameter mild steel electrodes. 

In piercing operations the cutting electrode is held 
perpendicular or at a very steep angle to the surface. 
In grooving the chamfering electrode is held at an angle 
from about 5 to 20 deg—depending upon factors such 
as the depth of groove desired, the plate thickness, the 
electrode diameter, etc. For thin plates of less than 
', in., a 5-deg angle is usually sufficient. Grooving 
of a heavy plate is illustrated in Fig. 2. 


COATING FORMULATION 


The coating formulation of the cutting and grooving 
electrodes is the result of considerable development to 
evolve coated electrodes which would not deposit metal. 
The volume and fluidity of the molten oxidized core 
wire and parent metal and slag-forming constituents 
had to exist in a state which would not handicap the 
welder during the application of the rod. The effect 
of the cutting or grooving operation on the parent 
material with respect to the physical properties and 
corrosion resistance was also considered. 

The formulation of the flux coatings presented prob- 
lems in necessitating ceramic constituents which would 
withstand the heat encountered during disintegration. 
Constituents which either provided high oxidizing 
power or contributed toward balanced exothermic reac- 
tion products were utilized within the over-all formula- 
tion. The chemistry of such ingredients was important 
as well as their respective particle sizes, especially since 
particle size affects the rate of reaction due to varying 
surface area and influences the burn-off rate and effi- 
ciency of operation. 

Compatability of each constituent within the final 
formulation was also considered with respect to chemis- 
try and particle size since producibility of the electrode 
in the manufacturing plant dictates eventual cost to 
the consumer. 

Although the cutting and grooving electrodes meet 
the requirements pertaining to their respective end 
uses, their formulations are quite different analytically. 
The cutting electrode relies on a higher degree of oxida- 
tion than the grooving electrode. The cutting elec- 
trode formulation produces a blast created by the are 
energy and oxygen from the decomposition of the oxy- 
gen-producing constituents. The grooving electrode 
also relies on these features and in addition releases 
vast quantities of protective gases at the arcing tem- 


peratures. Upon expansion, these gases exert a defi- 
nite pressure within the enclosure created by the long 
crater typical of this electrode. Thus, a jet effect is 
created which virtually blasts molten parent metal and 
slag out of the path of the electrode. 

The cutting electrode has a ceramic coating which 
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Fig. 3 Appearance of 1-in. thick steel plate after slotting 


is nonconductive and thus prevents shorting. The 
coating constituents in the grooving electrode are for- 
mulated to provide a conductive slag during fusion. 
This imparts self-starting characteristics to the elec- 
trode. This feature enables the welder to preplace the 
rod in the exact spot where metal is to be removed 
without instantaneous arcing. 


CUTTING ELECTRODES 

The relative performance characteristics of our cut- 
ting electrode on various materials was determined by 
cutting slots into the sides of small plates of varying 
thicknesses. Figure 3 shows the appearance of a 1-in. 
thick steel plate after the slotting operation with 
3/so-, 1/g-, and diam cutting electrodes. 
Each electrode was run until 10 in. of its length had 
been consumed. Holes were also pierced through the 


—0O STAINLESS STEEL (TYPE 304) 
---© CAST IRON 
—-O MILD STEEL 


CUTTING RATE — IN. PER MIN. 


%o Ye 
ELECTRODE DIAMETER — IN. 


Fig. 4 Relative cutting speed of '/s-in. diam electrode in 
the slotting tests of 1-in. thick mild steel, cast iron and 
stainless steel plates 
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3/39 
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Plate 
material 
Mild steel 
Cast iron 
Stainless 304 
Mild steel 
Cast iron 
Stainless 304 
Mild steel 
Cast iron 
Stainless 304 
Mild steel 
Cast iron 
Stainless 304 


Plate 
thickness, 
in. 
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Table 1—Performance Characteristics of Cutting Electrode on Mild Steels, Cast Iron and Stainless Steels 


Length of 
cut per 
12-in. 
electrode 
length 


plates with each diameter electrode. 
started on a plate cooled to room temperature. 

Test results on I-in. thick steel, cast-iron and stain- 
less steel plates are given in Table 1. 
trode sizes and current settings the efficiency of the cut- 
ting electrode was lowest on cast iron and highest on 


Each test was 


For similar elec- 


stainless steel. 


highest rate. 


The reasons for this are closely related 
to the relative fluidity of the molten metal and slag. 
Under test conditions the molten stainless steel ap- 
peared more fluid than either molten mild steel or cast 
Consequently, stainless steel can be cut at the 
Higher heat in the base metal also im- 


Electrode 
diameter, 
in. 


1 
3 
5/ 
3 


Plate 
material 
Copper 
Copper 
Copper 
Copper 
Copper 
Copper 
Copper 
Copper 


temperature 


w 


Table 2—Performance Characteristics of Cutting Electrode on Copper 


removed, 


CUD 


Length of 
cut per 
12-in. 
electrode 
length 


Electrode 
diameter, 


in. 


Plate 
material 


Mild steel 
Mild steel 
Mild steel 
Mild steel 
Mild steel 
Mild steel 
Mild steel 
Mild steel 
Mild steel 
Mild steel 
Mild steel 
Mild steel 
Mild steel 
Mild steel 
Mild steel 
Mild steel 
Stainless 304 
Stainless 304 
Stainless 304 
Stainless 304 
Stainless 304 
Stainless 304 
Stainless 304 
Stainless 304 
Stainless 304 
Stainless 304 
Stainless 304 
Stainless 304 


Plate 
th ick ness, 


in. 
1 


1 
3 

1 
4 
é2 


nw 


Metal 
removed, 
oz 


96 


Sassuss 


Table 3—Effects of Plate Thickness Upon Performance Characteristics of Cutting Electrode on Mild Steel and Stainless 


Length of 
cut per 
12-in. 
electrode 
length 
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Metal 

removed 

-. Metal Cutting per pound 

Current, Time, removed, rate, electrode, 

amp sec oz ipm lb 

2 om 140 16.0 0.38 1.40 0.45 0.93 

ie 155 13.0 0.28 1.68 0.45 0.68 

oak: 125 16.0 0.5 0.53 1.24 
195 21.5 1.09 1.35 

2 oe /s 220 20.5 | 1.27 1.35 

/s 190 22.5 1.35 2 26 

or 8 215 28.0 1.50 1.32 

82 250 23.0 1.31 1.55 

2 2. 32 235 26.5 1.92 2.00 

ahi 16 305 29.0 2.48 1.98 

16 315 28.0 1.88 1.55 
6 300 28.5 2.55 2.39 

Metal 
Plate removed 

Weis thick- Metal Cutting per pound 

Plate ness, Current, rate, electrode, 

in, amp sec ipm lb 
3/39 140 0.13 0.08 0.31 
8 R. T. 210 0.25 0.60 0.30 
2 R. T. 220 0.50 0.90 0.38 

R. T. 310 2.13 2.56 1.20 
32 500° F 220 2.50 2.38 1.90 

Mig 16 500° F 1/9 325 4.50 4.00 2.53 
800° F 220 2.75 3.00 2.10 

7 16 800° F 325 5.25 5.00 2.95 

Stee 
Metal 

removed 
Cutting per pound 

Current, Time, rate, electrode, 

eas = amp sec ipm lb 

3/39 140 15.5 1.40 8.25 2.88 

140 14.0 1.00 4.82 1.13 2.08 

ea 3/29 140 15.5 0.75 2.42 0.75 1.55 _ 
140 1.40 0.45 
/, 190 9.25 4.00 
190 2: 5.40 2.25 

4 190 2: 3 1.09 

1 190 2 2 0.75 

5/49 220 3 10 5.25 

220 3 6 3.25 
3/4 220 4 2.55 

a ; 5/39 1 220 2 3 1.75 

325 3 13 6.75 

325 3 8 4.88 

5/16 325 2! 5 3.22 

3/16 1 305 2 4 2.48 
3/39 140 8 3.50 
3/39 V/s 130 2.m 1.05 

3/39 125 2 0.53 

< 1/, 190 2 5.00 

210 2 2.40 | 
190 2: 3 1.35 

210 31 12 6.50 

5/32 225 2: 6 3.90 

1 235 2 3. 1.92 

/i tf, 325 3] 12 6.50 

1 300 4. 2.55 
440 


Table 4—Effect of Current Setting on Performance Characteristics of '/s-In. Diam Cutting Electrode on Mild Steel 


Plate 
Plate thickness, Current, Time, 
material in. sec 

Mild steel 3 
Mild steel 
Mild steel 
Mild steel 
Mild steel 
Mild steel 
Mild steel 
Mild steel 
Mild steel 


4 
‘ 
4 
4 
‘4 
4 
‘ 


Metal 
removed 
per pound 
electrode, 
lb 


Length 
of cut 
Metal Cutting per 12-in. 
removed, rate, electrode 
ipm length 
0.: 


0 
] 
1 
l 
1 


proves cutting efficiency. Stainless steel with its rela- 
tive low heat conductivity thus will retain more heat 
in the area being cut. Figure 4 illustrates the relation 
between electrode diameter and cutting speed. 
As evident 
from the data plotted in Fig. 5 preheating to 500 and 
800° F raises the cutting rate and efficiency by approxi- 
mately 4 to 5 times, respectively. 

The effect of plate thickness is illustrated in Table 3. 
Since heat is more rapidly dissipated in heavy plates 


Results on copper are given in Table 2. 


than in thin plates, and since a higher heat in the base 
metal improves the cutting efficiency, the '/,-in. steel 
plate will show better results than the l-in. plate. The 
relative differences, however, decrease with increasing 
Thus, with the heavier 
diam electrode the cutting efficiencies are more nearly 


electrode diameter. 


the same for the various plate thicknesses tested. 


| 
CUTTING RATE 
METAL REMOVAL 


PER MIN. 


IN, 


PER POUND ELECTRODE 


POUNDS OF METAL REMOVED 


CUTTING RATE 


a2 He 
ELECTRODE DIAMETER — IN. 


Fig. 5 Cutting efficiency and rate of cutting on ‘/»-in. 
thick copper plates at room temperature and preheats of 
500 and 800° F 
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On stainless steel the effect of plate thickness is con- 
siderably less pronounced because the relatively low 
heat conductivity of the material minimizes the rate 
of heat dissipation away from the area being cut. 

The effect of current for a '/s-in. diam cutting elec- 
trode used in steel is given in Table 4. Whereas ap- 
proximately 200 amp would be considered normal for 
this electrode, tests were made also with amperages 
ranging between 120 and 280 amp. The results are 
more apparent from the graph shown in Fig. 6. Theo- 
retically, the amount of metal removed should increase 
However, at a 
current above approximately 200 amp the electrode 
coating becomes overheated and loses its operating 
efficiency. '/,-in. diam cutting electrode, 


proportionally to the cutting speed. 


Thus for the ! 
the greatest cutting efficiency is obtained at a current 
of approximately 200 amp. 
strate the importance of special coating formulation. 


These results also demon- 


GROOVING ELECTRODES 


The relative performance characteristics of our 
grooving electrode were determined by “pushing”’ the 


METAL REMOVAL 


HIN 


IN. PER 


CUTTING RATE 


RATE 


CUT TING 


160. 180 200 220 240 260 280 


CURRENT — AMP. 


POUNDS OF METAL REMOVED PER POUND ELECTRODE 


Fig. 6 Effect of current setting on cutting efficiency of 
'/.-in. diam cutting electrodes used in slotting tests on 
steel 
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Table 5—Performance Characteristics of Grooving Electrode on Mild Steel, Cast Iron and Stainless Steel 


Metal 
removed 
Length of per 
Electrode Plate Depth of Width of — electrode Metal Grooving pound 
diameter, Plate thick- Current, Time, groove, groove, consumed, removed, rate, electrode, 
in. material ness, in. Voltage amp sec in. in. in. oz. ipm lb 
3/39 Mild steel 1 58 100 14.0 "/16 3/16 5.75 0.75 24.6 2.19 
3/s9 Cast iron 1 63 100 15.0 6.138 0.63 24.4 1.70 
3/99 Stainless 304 1 60 110 11.5 4.0 0.25 20.8 1.04 
’ Mild steel l 73 170 13.5 : 16 5.31 1.0 23.6 1.54 
V/s Cast iron l 73 160 16.0 6.0 0.75 22.5 1.02 
V/s Stainless 304 l 71 175 11.5 4.63 0.63 24.2 1.10 
5/s Mild steel l 7 230 13.5 5 3/s 4.63 1.25 20.6 1.54 
5/39 Cast iron 1 71 25 13.5 5.25 1.5 23.2 1.62 
5/s0 Stainless 304 1 74 225 10.5 3.5 0.75 20.0 1.21 
16 Mild steel l 69 275 16.75 . 16 3.88 1.75 13.9 190 
3/16 Cast iron 1 69 290 12.0 3.38 1.25 16.8 1.56 
316 Stainless 304 1 68 295 12.0 2.5 1.0 12.5 1.68 
Table 6—Performance Characteristics of Grooving Electrode on Copper . 
Metal 
removed 
Length of per 
Electrode Plate Plate Metal Grooving electrode pound 
diameter, tempera- Plate thickness, Current, Time, removed, rate, consumed, electrode, 
in. ture material in. amp sec z ipm in. lb 
5/39 Copper 220 29.0 0.37 23.8 11.5 0.18 
3/16 _. 2. Copper 1/, 270 39.0 0.75 15.0 9.8 0.32 
5/39 500° F Copper 1/; 220 25.0 1.00 20.4 8.5 0.67 
3/16 500° F Copper 1/s 270 36.0 1.50 14.3 7.5 0.85 
5/39 800° F Copper 1/, 220 22.5 1.25 20.0 7.5 0.95 
3/16 800° F Copper V/s 270 34.0 2.37 10.0 6.0 1.66 \ 


Table 7—Effects of Plate Thickness Upon Performance Characteristics of Grooving Electrode on Mild Steel 


Metal 
Length of removed 
Electrode Plate Metal Grooving electrode per pound 
diameter, Plate thickness, Current, Time, removed, rate, consumed, electrode, 
in. material in. Voltage amp sec oz ipm in lb 
3/30 Mild steel 58 100 15.0 0.13 20.5 5.13 41 
3/39 Mild steel l 58 100 14.0 0.75 24.6 5.75 2.19 
3/39 Mild steel 2 59 100 21.0 1.0 18.4 6.44 2.17 
1/s Mild steel V/, 72 160 12.5 0.25 22.8 4.75 0.43 
1/. Mild steel l 73 170 13.5 1.0 23.6 5.31 1.54 
1/4 Mild steel 2 72 170 24.0 1.5 21.8 8.75 1.40 
5/3) Mild steel V/, 71 220 11.5 0.75 21.5 4.13 1.04 
5/30 Mild steel 1 72 230 13.5 1.3 20.6 4.638 1.54 
5/32 Mild steel 2 71 220 20.0 1.8 20.6 6.88 1.45 
3/6 Mild steel 1/, 67 290 9.0 0.5 52..7 1.75 1.30 
3/16 Mild steel ] 69 275 16.75 1.8 13.9 3.88 1.90 
3/16 Mild steel 2 69 270 23.0 2.5 10.1 3.88 1.65 
Table 8—Effect of Angle of Inclination on Grooving Efficiency of Grooving Electrode on Mild Steel 
Metal 
Angle of Length of removed 
Electrode Plate inclina- Metal Grooving electrode per pound 
diameter, Plate thickness, tion, Current, Time, removed, rate, consumed, electrode, 
in, material mn. deq amp sec oz ipm in. lb i 
1/5 Mild steel 1 5.8 170 12.0 0.70 22.5 4.50 1.27 
V/s Mild steel I 8.7 170 12.0 0.90 22.5 4.50 1.64 
V/s Mild steel 1 11.6 170 13.0 0.90 24.3 5.00 1.64 
l/s Mild steel 1 14.5 170 14.0 1.00 23.6 5.50 1.49 
1/s Mild steel l 17.5 170 15.0 0.7 23.0 5.75 1.00 
r/, Mild steel l 20.5 170 15.0 0.50 24.0 6.00 ).68 
5/39 Mild steel 1 5.8 220 14.0 1.50 15.0 3.50 2.43 
5/39 Mild steel l 8.7 220 15.0 2.00 15.0 3.75 3.03 
5/39 Mild steel l 11.6 220 18.0 1.75 15.0 4.50 2.20 
5/39 Mild steel l 14.5 220 18.0 1.25 15.8 4.75 1.50 
5/3 Mild steel 1 17.5 220 18.0 1.00 16.7 5.00 1.14 
5/39 Mild steel l 20.5 220 19.0 0.85 17.4 5.50 0.88 
3/16 Mild steel l 5.8 320 21.0 2.25 14.3 4.50 2.11 
3/16 Mild steel l 8.7 320 22.0 4.00 15.0 5.00 3.40 } 
3/16 Mild steel l 11.6 320 26.0 3.75 16.1 7.00 2.27 
3/16 Mild stee! 1 14.5 320 27.0 3.00 16.1 7.25 1.74 
3/16 Mild steel 1 17.5 320 31.0 2.50 15.5 8.00 1.31 
3/16 Mild steel 1 20.5 320 32.0 2.00 15.0 8.00 1.06 
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Fig. 7 Appearance of 1-in. thick steel plate after grooving 
with and */,-in. diam grooving electrodes 


electrode over the metal surface at a low incident angle 
Figure 7 illustrates the appearance 
of the steel plate after grooving with °/3-, 1/s-, °/3- 
Figure 8 illustrates the 
U-type profile of the resulting grooves after cross sec- 


as shown in Fig. 2. 
and %/,.-in. diam electrodes. 


tioning the plate 


/16 


Fig. 8 U-type profile in ' >-in. plate after grooving with 
ype pro 
see and diam grooving electrodes 


Test results on 1-in. thick mild steel, cast-iron and 
Although 
heavier electrodes will remove more metal, the pounds 


stainless steel plates are given in Table 5. 
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Fig. 9 Effect of angle of inclination on the grooving effi- 
ciency of the '/;-in. diam grooving electrodes on mild steel 
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Fig. 10 Sketch 
illustrating 
cut) made in 
the removal of 
weld deposit 


of metal removed per pound of electrode is essentially 
the same for each metal. However, since the heavier 
electrodes remove more metal per electrode they are 
more economical in that they reduce the labor cost 
considerably. 

Whereas in cutting the best results are obtained on 
stainless steel; in grooving, mild steel gives the better 
results. Because of the blasting action of the grooving 
electrode the fluidity of the molten metal is inconse- 
quential. On the other hand, oxidation is a factor so 
that the high melting point of the chromium oxide and 
the required higher fluxing action of the iron oxide and 
electrode coating constituents reduce the effectiveness 
of the electrode on stainless steel as compared to mild 
steel or cast iron. 

Results on copper are given in Table 6. As was true 
in cutting, preheating of the copper plate to 500 and 
800° F improved the efficiency of the electrode by in- 
crcasing the amount of metal removal by 3 to 5 times 
over the room temperature results. 

The effect of plate thickness is given in Table 7 
where test results on '/,-, 1- and 2-in. thick mild steel 
plates are summarized. Although it might be expected 
that on the 2-in. plates the efficiency would be lower 
than on the '/,-in. plates, the reverse occurs due to the 
human element involved. On thin plates the welder 
tends to be afraid of cutting through the plates and for 
that reason he will use an incident angle of about 5 
deg—as occurred in these tests. On the 1-in. plates 
he used a 10-deg angle—resulting in more base metal 
being grooved out. The 5-deg angle used on the !/,-in. 
plates results in a greater percentage of are energy 
being dissipated into the atmosphere. Tests on 2-in. 
plates made with an angle of 10 deg showed a slight 
decrease in the amount of metal removed, due to the 
greater amount of heat absorption by the heavier base 
metal as compared to the tests on the 1-in. thick plate. 

In Table 8 and Fig. 9 are given the effects of angle 
between the grooving electrode and the base metal 
plate (mild steel). Best results are obtained when the 


Fig. 11 Appearance 

of steel section after 

removal of stud with 
cutting electrode 
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Fig. 12 Sketches illustrating application of ‘‘back- 
chipping” with grooving electrode 


Fig. 13) Sketch showing the grooving 
out of defects in welded pipe section 


Fig. 14 Example of grooved out weld defects in pipe section 


electrode is held at an angle of approximately 10 deg. 
A lower angle, as mentioned earlier, results in excessive 
dissipation of are energy into the atmosphere. Above 
10 deg the electrode tends to ‘dig in” into the plate 
and the “blowing” action of the are becomes less effec- 
tive. 


Broken match plate in aluminum foundry pattern before, A, and after, B, grooving out of cracked area 
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APPLICATIONS 


Metal-Arc Cutting 


Metal-are cutting is widely used for cutting holes into 
piping, through plates for subsequent welding of ex- 
tensions, attachments, etc. Previously deposited weld 
deposits may also be removed by this process as 
sketched in Fig. 10. Figure 11 illustrates the appear- 
ance of a steel section after removal of a stud. 

For piercing, drilling and cutting operations, the 
cutting electrode is particularly effective on the diffi- 
cult to machine metals and alloys. Armor plate, air 
and deep hardening steels, stainless steels and hard 
overlay materials are representative of some of the 


materials easily cut. 

The cutting electrode is also used for the same pur- 
poses previously mentioned for underwater operations. 
For these applications the coated electrode is protected 
by a moistureproof covering which enhances its effi- 
ciency for underwater work. Fully insulated holders 
are required for underwater applications and = d-c 
straight polarity power must be used to prevent elec- 
trolytic corrosion of the holder and parts of the diver’s 


equipment. 

In ferrous and nonferrous foundries, the cutting elec- 
trode is used for the removal of risers and gates and to 
cut up heavy scrap for remelting. 


Metal-Arc Grooving 


Metal-are grooving is extensively used for prepara- 
tion for welding such as grooving for butt or fillet welds. 
It is also used with excellent results as a ‘‘back-chip- 
ping” tool in applications similar to those sketched in 
Fig. 12. 

In production welding, especially weldments requir- 
ing excellent X-ray quality standards, the grooving 
electrode is used for removal of weld metal which radio- 
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graphs showed to be porous, cracked or otherwise defec- 
tive. The job inspector can mark areas to be removed 
Y and rewelded. Under these conditions the welder can 
} d utilize the same power equipment used for welding, 
f t grooving out poor welds and then immediately reweld- 

Fig. 16 Sketch illustrating removal of weld deposits in ing. 
lap and Tee joints 


In maintenance, cracks in iron and steel castings, 
forgings or weld deposits are readily grooved out for 


1 B 


17 Example of removal of support lugs before, A, and after, B, grooving out of welds 


subsequent rewelding. By grooving out the crack, 
the electrode provides a U groove for subsequent re- 
welding in a fraction of the time required by mechanical 
chipping or grinding. Examples of grooved out defects 
in welded pipe sections are given in Figs. 13 and 14. 
Smearing over of the defect, as may occur with the 
mechanical methods is also avoided. On heavy cast- 
iron sections, it may be advisable to drill small holes at 
the outermost extensions of each crack. Figure 15 
illustrates a broken match plate of an aluminum foundry 


1 B Cc 


Fig. 18 Example of with grooving elec- 


trode and subsequent “‘finish”’ milling of slot in steel plate : ~ 


Fig. 19 Grooving of draw dies to connect holes for the Fig. 20 Grooving of “‘diamond”’ plates to provide 
escapement of trapped air for nonskid surface 
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pattern before, A, and after, B, grooving out of the 
cracked area. 

With these special electrodes repairs can often be 
made without dismantling or removal of the equipment. 
This results in considerable saving in man-hours. For 
example, cracks in motor housings are readily grooved 
out and rewelded without requiring dismantling or re- 
moval of the equipment. 

Shielded-metal-are grooving is used also with excel- 
lent success for alterations in or dismantling of equip- 
ment. Since the grooving action can be controlled to 
close dimensions, weld deposits can be readily removed 
with a minimum effect upon the base metal as sketched 
in Fig. 16. Figure 17 illustrates the removal of sup- 
port lugs on a pipe section. 

On mild steels and nonferrous metals, machining 
costs can be reduced by cutting or grooving out the 


bulk of the metal to be removed. Machining is then 
employed primarily as a “finishing’’ operation. Figure 
18 illustrates the initial grooving, A, and subsequent 
milling operations, B and C, for cutting a slot into a 
steel plate. 

Chamfering of surfaces is used, for example, to pre- 
pare grooves in draw dies to connect holes for the es- 
capement of trapped air, Fig. 19, and in plates to pro- 
vide for ‘‘nonskid”’ surfaces, Fig. 20. 
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overnment Standards 


by S. P. Kaidanovsky 


EDERAL Specification QQ-S-741 for Steel, Struc- 
tural (Including Welding) and Rivet; (for) Bridges 
and Buildings was issued in 1942 and amended three 
times. The last amendment was in 1946. 

This specification classifies structural steel in two 
types, Type I for riveted, and Type II for welded 
structures; and two grades: Grade A, for bridges and 
Grade B for buildings; and in two classes: Class 1, 
Noncopper steel and Class 2, Copper-bearing steel. 

The issuance of Federal specifications, the use of 
which is mandatory by all Federal Government agen- 
cies, is entrusted by law to the General Services Admin- 
istration. The preparation of Federal specifications 
is the responsibility of the Standards Division, Federal 
Supply Service (FSS), General Services Administration 
(GSA). 

The revision and simplification of Federal Specification 
QQ-S-741 was initiated under the following circum- 
stances: 
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Reprinted from the January 1954 issue of The Magazine of Standards, pub- 
lished by the American Standards Assn., Inc. 


® How a Federal Specification touched off a chain reaction 


Kaidanovsky—Government Standards 


The Veterans Administration, early in the Korean 
war, informed the Office of Defense Mobilization 
(ODM) that it paid “‘premium prices” for its structural 
steel whenever welded constructions were involved 
and the structural steel was specified in accordance 
with Federal Specification QQ-S-741. The Veterans 
Administration considered this matter of importance in 
the conservation of materials program because welded 
constructions require less steel and the practice of 
field assembling of structural steel constructions by 
welding is superseding riveting at a rapidly increased 
rate. 

The ODM fully agreed with the Veterans Adminis- 
tration on the importance of finding means for conserv- 
ing steel as well as of reducing construction costs, espe- 
cially in view of the military and industrial defense mo- 
bilization then started. 

On April 17 and June 11, 1952, meetings were called 
by ODM in cooperation with the Defense Production 
Administration (DPA), to discuss the matter with rep- 
resentatives of Government agencies, industry and 
technical societies. The following organizations were 
represented at these meetings: The American Society 
for Testing Materials, American Iron and Steel Insti- 
tute, AMERICAN WELDING Soctety, American Institute 


THe WELDING JoURNAL 


§ 
“fea 
~ 
nef 
& 
be! 
446 
7 


of Steel Construction and several Government agencies 
directly involved in construction work. 

The subject was given thorough examination from 
all points of view. While there were expressed diver- 
gent views as to the use of field welding in the building 
industry, it was nevertheless agreed that field welding 
is and will be of importance in building defense instal- 
lations, as for example in erecting aircraft hangers or in 
reconstruction work in emergency situations, such as 
after air attacks. 

The participants in the discussion agreed that weld- 
able steel may be used for riveting without any dis- 
crimination. Finally, all participants agreed that the 
structural steel as specified in the ASTM A-7 Tentative 
Specification for Steel for Bridges and Buildings and 
those in the Federal Specification QQ-S-741 “‘are identi- 
cal or at least sufficiently so to permit using them in- 
terchangeably.”’ 

This brought immediately to the forefront the ques- 
tion of the justification for ‘‘premium prices’ on weld- 
able structural steels of Type II, Federal Specification 
QQ-S-741, which premiums averaged in 1952 from 
$13 to $20 per ton. It was disclosed at the meetings 
that the chemical characteristics of structural steel in 
general production runs in steel mills are of a kind suit- 
able for field welding and if the chemical requirements 
of the steel would be included in the ASTM A-7 Spec- 
ification, as is the case in the Federal Specification 
QQ-S-741, the ‘premium prices” 
reduced and would cover only the specific inspection and 


would be considerably 


packing costs usually involved in Government con- 
tracts. 

At the end of the meeting of June 11, 1952, it was de- 
cided to request the ASTM to prepare at the earliest 
possible date requirements covering a weldable grade 
of steel for general building construction for inclusion 
in the ASTM A-7 Specification, and ask the ASTM to 
proceed at once on this assignment. 

In spite of the fact that the representatives of Sub- 
committee 2, Structural Steel, of the Committee A-1: 
Steel, of the ASTM, attended to the organization of 
these meetings and were present at both meetings, the 
board of Subcommittee 2 was reluctant to impose on 
its membership a decision for the modification of the 
ASTM A-7 Specification in line with these reeommen- 
dations. Instead it has suggested that the interested 
Government agencies should modify and change their 
requirements so as to effect the sought for reduction in 
the cost of the structural steel these specify. 

At this juncture the AMericAN WELDING SocietTy 
suggested having a meeting with the representatives of 
the ODM and interested Government agencies. The 
subject for discussion was the Society’s plan for a revi- 
sion of the Federal Specification QQ-S-741 by inclusion 
in it of all test and inspection requirements from ASTM 
A-7 Specification, all dimensional requirements of 
ASTM A-6 Tentative Specification for General Re- 
quirements for Delivery of Rolled Steel Plates, Shapes, 
Sheet Piling, and Bars for Structural Use, and a set of 
requirements for weldable steel which the AMERICAN 


May 1954 


WELDING Soctery in collaboration with a leading steel 


producer and a Government agency satisfactorily 


worked out for one construction project. 

This recommendation when approved by the Federal 
Government may be then adopted as an AMERICAN 
WeLDING Society (AWS) standard and submitted 
to Subcommittee 2, Committee A-1 for its consideration 
and approval. 

A meeting was called by the ODM on Oct. 9, 1952, 
and the consensus of all participants was that an in- 
corporation of the above AWS suggestions in any pur- 
chase specification would result in a good specification, 
and if the AWS would recommend it, and if steel com- 
panies would acquiesce, the Government would find it 
advantageous to revise the existing Federal Specifica- 
tion QQ-S-741 accordingly. 

On the basis of these conclusions the ODM called 
upon GSA for a revision of the Federal Specification 
QQ-S-741. The Standard Division, FSS, GSA, which 
conducted an independent study of the problem arrived 
at practically identical conclusions. 

Upon receipt of a request from the ODM for the re- 
vision of Federal Specification QQ-S-741, the Standards 
Division took immediate steps to organize a conference 
of representatives from all interested Government 
agencies, and research organizations involved in con- 
struction work, and those that use, inspect or conduct 
research work on weldments, in order to arrive at a di- 
rective as to the manner in which the revision of Fed- 
eral Specification QQ-S-741 should be accomplished. 

The conference was held on Jan. 23, 1953, at which 
time GSA outlined the problem, its background and 
importance. Since the U.S. Congress had expressed 
its wish that the executive agencies of the Government 
should use trade specifications whenever they properly 
cover Government requirements, it was suggested by 
GSA that Federal Specification QQ-S-741 be revised 
by incorporating in it by reference all pertinent require- 
ments from ASTM A-6 and A-7 Specifications supple- 
menting them, in regard to weldable structural steel, 
with the requirements which were worked out by the 
AMERICAN WELDING Sociery in cooperation with a 
Government agency and one of the leading steel pro- 
ducers. 

After prolonged discussions the conference adopted 
GSA’s suggestions and authorized revision of Federal 
Specification QQ-S-741 on suggested lines for circula- 
tion for comments of all Government agencies, trade 
organizations, individual steel producers and technical 
and scientific societies. The authorized revised speci- 
fication was issued as an Interim Federal Specification 
QQ-S-00741 (GSA-FSS) dated Jan. 29, 1953. 

Soon after the issuance of this Interim Federal Speci- 
fication the AmerRIcAN WELDING Soctety’s Bridge 
Code Committee prepared and adopted on May 27, 
1953, a specification for steel for welded bridges which 
incorporated practically verbatim the requirements for 
weldable steel of the Interim Federal Specification 


QQ-S-00741. 


Kaidanovsky—Government Standards 447 


a 

4 

2 

a 

4 


The American Society for Testing Materials at its 
annual meeting June 29, through July 3, 1953, in 
Atlantie City, decided to issue a separate specification 
for weldable structural steel instead of modifying the 
ASTM A-7 specification. A proposed specification for 
a structural welding grade of steel is under preparation. 
This is based upon the requirements of a welding grade 
of structural steel adopted by the AMERICAN WELDING 
Society’s Bridge Code Committee. 

The Interim Federal Specification QQ-S-00741 origi- 
nally issued on Jan. 29, 1953, was revised on July 
10, 1953, and submitted for comments to Government 
agencies, industry and individual producers and fabri- 
cators. The revised specification is closer in line 
with the ASTM A-6 and A-7 specification than the first 
draft. Physical and inspection requirements from 
ASTM A-7 and all dimensional requirements from 
A-6 are now incorporated in the new draft, instead of 
referencing ASTM specifications as was done in the 
first draft. The following note is included in the new 
draft of the specification. 

“The specified Type I and Type II steels are basically 
identical with the steels covered by the ASTM A-7 
Specification with the principal distinction that in 


Type II steel the chemical requirements are restricted 
and the physical requirements are modified.” 

Also the title of the specification has been broadened 
to “Interim Federal Specification QQ-S-00741 (GSA- 
FSS) for Steel, Structural.” 

Comments have been received from industry and 
Government agencies on the July 10, 1953 Interim Fed- 
eral Specification. These comments will be used in 
preparing the final draft. There is an ad hoc committee 
of representatives of the Department of Defense 
General Services Administration and industry which 
is preparing a draft of a specification for steel, carbon, 
structural plates, shapes and bars which will be con- 
sidered in the revision of Interim Federal Specification 
QQ-S-00741 (GSA-FSS). 

This example illustrates how a revision of a Federal 
Specification touched off a chain reaction, which af- 
fected an ASTM Specification and an AMERICAN WELD- 
ING Soctery Specification. It indicates the interdepend- 
ence of Government and industry, the necessity for 
closer cooperation and consultation of mutual technical 
problems between the two, and adoption of requirments 
suitable to both, resulting in savings of time and money 
to Government and industry. 
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by John Mikulak and Merle Dillman 


INTRODUCTION 


N COMPETITIVE industry and, particularly, when 

it is imperative that production is increased with 
limited man power, maximum welding man-hour 
output must be obtained. However, minimum 
weld physical requirements of various standards set 
by Code agencies must be maintained to insure product 
performance. Indirect labor effort must also be re- 
duced to a minimum but not at the expense of inade- 
quate supervision or inspection. Due to the latter, 
controls are necessary to expedite determination of 
physical weld joint characteristics after the product 
has been welded. 

The following discussion pertains to establishing a 
weld procedure control by use of a recording type am- 
meter and voltmeter in conjunction with the manually 
operated semiautomatic submerged-are welding proc- 
ess. This process was selected because of its ex- 
tremely versatile and simple operating characteristics. 


John Mikulak is Assistant to the Vice-President in Charge of Manufacturing, 
and Merle Dillman is Welding Engineer, Worthington Corp., Harrison, N. J. 
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Tolerance and Control on Fillet Welds 


§ Welding procedure control to insure suitable joint characteristics in the use 
of the manually operated semiautomatic submerged-arc welding process 


GENERAL 


Fillet welds constitute a major portion of the welding 
In many instances 
designs requiring corner welds could be more eco- 
nomically produced by fillet welds. Further, the use of 
the manually operated semiautomatic submerged are 
process produces high production speeds with smoother 
profiles and superior weld joint qualities. Due to its 
inherent self-control characteristics and less operator 
skill and fatigue demands, relatively simple and easily 
adapted controls can be used to assure complete com- 
pliance with Code requirements for quality and joint 


required on fabricated assemblies. 


strength. 

Currently, common practice for assuring fillet weld 
size is to determine the leg size by measurement of both 
legs and further checking for the amount of convexity 
and coneavity. Codes by organizations such as the 
ASME and AWS determine the strength of the fillet 
weld by the theoretical throat depth through the weld 
deposit as shown in Fig. 1. In design calculation the 
cross-sectional area thru this throat multiplied by the 
allowable unit stress produces a value indicating the 
joint strength. The theoretical throat is obtained by 
constructing the largest right angle triangle which can 
be inscribed in the cross-sectional area of the weld de- 
posit and then calculating the length of the normal from 
the vertex of the joint to the hypotenuse of this triangle. 
The weld size is then established to provide the desired 
throat dimension. 


DEPOSIT DEPOSIT 
J A™ 
> Fig. Con- 
ventional 
method of 
determining 
the joint 
4 H fillet welds 
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Fig. 2 Fillet weld tolerances, manual submerged are 
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Unfortunately, because of inadequate procedure con- 
trol and dubious practices by various organizations and 
individual welding operators, considerable variation in 
weld dimensions are obtained when attempting to pro- 
duce the required throat depth. In applying the rule 
shown in Fig. 1, considerable theoretical variation could 
be obtained in weld area for a particular throat depth 
as is shown on the left side of Fig. 2. Fortunately, in 
actual practice the total theoretical tolerance is not en- 
countered; however, variations of 50 to 60°, over nor- 
mal area are commonly found. 

To the knowledge of the authors little has been done 
to produce and demonstrate a feasible control on weld- 
ing joint strength. These controls must take into ac- 
count variation in power characteristics (line and equip- 
ment), joint design, materials, operator skill and should 
also consider the adaptability of various weld processes. 

A complete recommendation is an enormous under- 
taking requiring considerable energy and, further, a proj- 
ect of this nature should be studied by several organi- 
zations or by a group representing a cross section of the 
industry. In this way full research will be assured to 
balance prejudices of a single group as well as assuring 
adaptability to the major applications required in the 
industry. Consequently, the data in the following are 
merely presented as evidence that desirable tenden- 
cies exist for a possible standard control whereby not 
only can the weld size be controlled, but also where 
definite fusion in the parent metal can be guaranteed 
and can be considered as joint material to enable re- 
ducing weld sizes. The latter will expedite sizable cost 
reductions in weld material and labor as well as increase 
production output. 

A new welding gage is being suggested which im- 
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proves the accuracy of weld deposit measurement, de- 
creases the time for measuring weld size, and also pro- 
vides immediate visual means of determining the mini- 
mum throat through the weld deposit from which the 
equivalent weld size can be read on the gage. 


TEST SETUP 

Figure 3 illustrates the equipment which was used 
in this test work and consisted of a 600-amp d-c genera- 
tor with a recording type ammeter and voltmeter 
(Esterline Anguse Graphic—Model AW). All welding 
was accomplished with the semiautomatic submerged 
are process, manually operated. The ground lead was 
clamped to each individual specimen and welding pro- 
gressed away from the ground. Are welding time was 


Fig. 3 Equipment used in welding test specimens 
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obtained with a stop-watch and each weld was meas- 
ured immediately after welding. In many instances 
the welding specimen was marked off in 3-in. incre- 
ments and progress of the are speed observed for each 
increment. 

Tests were conducted on several plate thicknesses and 
incorporated several joint fit-ups. Figure 4 illustrates 
the test specimen which consisted of 3- x 18-in. long 
bars from hot-rolled steel plate (AISI 1015) of the fol- 
lowing thicknesses: '/s, */s, '/s, */4and7/sin. Various 
joint fit-up conditions were obtained by using shim 
stock of 0, 1/32, and in. thicknesses. 

The specimens were set for several weld positions 
and are also shown in Fig. 4 and, on each weld position, 
three lead angles were used (level, downhill and up- 
hill) as illustrated at the bottom of the latter figure. 
The purpose of these variations was to make an attempt 
to encompass all variations possible in production. 
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Fig. 4 Test specimens and weld positions 


The flux can was manipulated by various techniques, 
such as oscillating in a circular manner, back and forth 
in a longitudinal and transverse direction. The can 
was oscillated by varying amounts from 0 to */4 in. 
when measured at the top of the flux can as illustrated 
on Fig. 5. The flux can was also held at various lead 
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Fig. 5 Diagram showing limits of flux can manipulation 
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angles from 60 to 90 deg from a horizontal plane. The 
previously mentioned variations were observed in 
production shops and, consequently, the purpose of 
using them was to explore the characteristics of the 
resulting welds. 

Figure 6 illustrates various dimensions which were 
recorded on the test specimens for flat, convexed and 
concave fillet welds. The specimens were cut at vari- 
ous positions near the center portion of the test plate. 
An attempt was made to cut the specimens at unusual 
occurrences indicated on the recording tapes or by ob- 
servation. The specimens were measured by the gage 
shown in Fig. 7 as well as by direct measurement on 
the etched cross section. 


OBSERVATIONS 
The following conditions were observed: 
1. The characteristics of the recorded current in- 
dication can be used to indicate the shape of the weld 
bead and to some degree the extent of weld penetra- 
tion. Figure 8 illustrates three current records with 
a corresponding cross-section and plan view of the 
weld deposit. 

Figure 8a, a thin curve with a smooth contour, indi- 
cates good normal conditions with smooth bead shape 
and good penetration. Minor general changes in 
curve contour do not appear to make noticeable de- 
posit changes. Appreciable or erratic changes gen- 
erally indicate a change in are and flux pool conditions 
and also in deposit and penetration. 


Fig. 6 Weld 
dimensions 
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Fig. 8b 


Fig. 8c 


Fig. 8a Hm = Vm = in; Tw = Th = in. 
Fig. 8b Root Hm vein.s Vin = Toe = Tw = '/,in.: Tf = '/in. 
Fig. Root '/»in.; Hm ‘eines Vm = Te = Tw = '/,in.: Tf = in. 
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Figure 8b illustrates a curve with a ragged contour 
and indicates decreased penetration and an erratic are 
pool condition such as obtained by improper weld 
position or improper flux pool support, erratic or exces- 
sively poor joint fit-up for current being used. 

Figure 8c, a bushy curve caused by the weighted high- 
frequency current variations, generally indicates a ropey 
bead or a high convex bead shape with an appreciable 
decrease in penetration. This occurs frequently if the 
molten flux pool runs ahead of the are and can also be 
caused by excessively low are voltage. In cases of 
large single-pass weld size deposits where a large arc 
pool is maintained, this type of curve can result. 

This type of curve is an indication of a general de- 
crease in weld penetration over that obtained in Fig. 
8a as well as a possible change in weld deposit profile. 
In case of excessive root opening, a curve of this nature 
can result in deep penetration Tf, but a poor bead shape. 

2. It was observed that an optimum voltage existed 
for a definite current range as illustrated in Fig. 9. 
Generally this voltage was also the minimum that could 
be used with assurance of a desirable weld bead profile. 
3. From an over-all observation it was found that 
a tolerance of plus */32 in. and minus '/32 in. on any 
single pass fillet weld from */, in. through */s in. size, 
inclusive, was not exceeded, and on 7/,¢ in. size the tol- 
erance was plus */3 in. and minus '/;,in. On the '/2 in. 


size the tolerance was somewhat less (plus '/ js in. minus 
' yo in.) and perhaps because only the flat position was 
used. These values are shown on the upper right side 
of Fig. 2 which also indicates that the excessive volume 
required by these tolerances is from 6 to 26°% over that 
required for an equivalent normal equilateral fillet. 
This presents considerable improvement when compared 
to studies taken on jobs accomplished without control 
where the weld volume varied from minus 31°% to plus 


47°) from that of the normal weld bead volume. In the 
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Fig.9 Curve showing relationship of arc voltage and DCSP 
welding current 
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Fig. 10 Chart used to determine equivalent equilateral 
fillet deposit 


latter respect the control being suggested assures more 
uniform and, consequently, greater average joint 
strength and lower peak weld stresses. 

4. The new weld gage developed during this study 
provided improved reading accuracy, decreased weld 
size reading time, and also provided visual reading of 
the minimum throat depth of unequal leg size fillet 
welds. The front and back views of this gage are shown 
in Fig. 7. This gage was found very effective and is 
described in more detail later. 

5. It was observed that equilateral fillet welds were 
generally the exception rather than a rule and, conse- 
quently, the diagram shown in Fig. 10 was developed 
to assist in determining the equivalent equilateral weld 
deposits. By making use of these curves as an expedi- 
ent to determine actual weld strength, the weld deposit 
are time could be reduced up to 50°% for equal joint 
strength. The equivalent equilateral weld size is ob- 
tained by reading the intersection of the horizontal and 
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SQUIVALENT WEED SIZE INCHES 
Fig. 11 Variation of weld constants in a single weld 
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vertical weld leg sizes. The equivalent equilateral weld 
size is the size which produces the same weld throat in 
either an equilateral deposit or an unequal leg deposit. 
The latter terminology is being introduced because cur- 
rent practice in the industry by shops and engineering 
departments is to designate weld size by equilateral 
deposit which produces a weld throat of 0.707 times 
weld deposit leg size. 

6. Due to the prevalent occurrence of unequal leg 
sizes, it was determined to test the extent of variation 
along the complete length of weld and, consequently, 
specimens of good weld contour were checked for varia- 
tion by cutting the complete length of weld at 1-in. 
increments. The variation of the weld constants 7c, 
Tw, Tf and the leg sizes are shown in Fig. 11. 

The variations are quite similar to those occurring 
throughout this study. However, it can be observed 
that the size of weld and weld penetration are within 
those values being recommended for consideration of 
standards and, further, this curve illustrates to what 
extent the spread of reading points can be expected on 
test work done under shop conditions. The latter 
acted as a guide for interpolation of data obtained from 
the test studies. 

7. It was found that the fusion area at the root of 
the joint was rather definite with only a few exceptions. 
Further, it was found that the total weld throat depth 
was considerably in excess of the value of 0.707 times 
the smallest leg size. Figure 12 is a composite study 
covering the total range of currents, weld positions and 
joint fit-up and covers the readings from 134 weld speci- 
mens and illustrates that the value of Tc (throat depth) 
was greater than 0.707 times the smallest leg size in 
all cases. Further, the throat depth of the weld de- 
posit Tw was also generally greater than the 0.707 
value. In Fig. 12 the lines marked 1.0, 0.8 and 0.707 
are throat to leg ratios and are shown to indicate their 
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Fig. 12 Weld constants Tc, Tw, Tf plotted for all posi- 


tions, currents and fit-up used in the studies 
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relative positions to the measured weld deposit con- 
stants. 

An analysis of the study indicated that in 83'/2° ) of 
all the welds measured, the value of Tc was equal or 
greater than the equivalent weld leg size and, further, 
in 95' 2% of the tests this value was equal to or greater 
than 0.8 of the equivalent leg size. Consequently, 
this should be considered as strong evidence that the 
fusion zone could be considered as part of the equivalent 
throat. The value of 7f was found to be over 20°; of 
the value of 7'w and, therefore, it appears that this value 
should be added to Tw when considering the weld 
throat Je in stress calculation. The latter will allow 
reducing the specified weld size currently referred to 
in this report as T'w. 

8. Penetration was found proportional to current 
provided the voltage is in accordance to the curve in 
Fig. 9 and, further, that the joint fit-up does not vary 
too drastically as shown in Fig. 13. The latter is shown 
by the lower line labeled 7'f on Fig. 13 and is a compos- 
ite for several flat welding conditions and also for zero 
to ' gin. joint fit-up. This chart illustrates the gen- 
eral spread of results obtained during this test work and 
is shown to give a clearer picture of the type of data 
collected in these studies. The variations are to some 
extent caused by irregularities in joint fit-up caused by 
sheared and torch cut edges as all of this test work was 
made to simulate shop conditions as much as possible. 
Other conditions responsible for irregularities are a 
slight variation in welding are speed and also a variation 
in flux blanket as well as flux can manipulation and are 
current conditions. However, the variations are quite 
similar to those in Fig. 11 for one weld and, conse- 
quently, are an average working yardstick. 
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Fig. 13° Weld constants Tc, Tw and Tf relations to current 


for the joints on tight fit-up '/»-in. root opening (semi- 


automatic submerged process) 
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Fig. 14 Weld constants Tc, Tw, Tf relation to current for 
various joint fit-up openings 


Figure 14 illustrates the same constants as in the 
previous Fig. 13. 
trate what changes take place as the joint fit-up open- 
ing is increased from in. max to and */s9 in., 
inclusive. 


However, it is a composite to illus- 


It can be noted that when changing the 
fit-up, the total weld throat Tc does not change dras- 
tically on amperes up to approximately 500. However, 
the weld deposit throat Tw and the fusion depth 7'f do 
change to a considerably greater degree, but Tf 
increases with poor fit-up to offset the decrease in the 
weld deposit build-up 7w and thereby maintains ap- 
proximate uniform total throat depth Tc. 

Inspection of Figs. 13 and 14 will provide additional 
evidence that the throat depth through the fusion ares 
Tf is at least 20°7 of the throat area Tw in the weld 
build-up and, consequently, should be used in deter- 
mination of weld strength and stress calculation. 

9. The weld deposit and throat depth Tw are pro- 
portional to the are speed for a constant current with 
an optimum voltage as indicated in Fig. 9. This is 
illustrated in Fig. 15 and represents a composite of the 
various flat and horizontal positions for root openings 
up to '/y in., inclusive. The horizontal position was 
not used on weld sizes over */s in. It can be observed 
that an are speed variation of approximately 2 to 
2'/, in. is obtained between various weld sizes for a con- 
stant current and approximately 35 to 50 amp varia- 
Plate thickness 
had little effect in this study except the '/,-in. plate on 
current valves over 450 amp where there was exces- 
sive penetration to produce near blow-through condi- 
tions. 


tion in current for a constant speed. 


DISCUSSION 


Figure 16 illustrates a group of specimens which 
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Fig. 15 Weld size (Tw) determining by arc speed and cur- 
rent for the horizontal and flat positions. Joint fit-up 
tight to '/\.-in. open horizontal position not used over 
3/s-in. Tw. 


were produced in a consecutive manner to determine 
the weld dimensions and also the consistency of weld 
dimensions when welding manually at a predetermined 
speed. 


These specimens were welded at are speeds of 
9, 18 and 27 ipm and at a constant current and the 
analysis indicates remarkable uniform bead shape and 
weld dimensions. It also indicates the reliability of 
obtaining root penetration in that with a change of 
over 300% in are speed, the minimum fusion in the base 
material 7f is 33° of the equivalent leg size and the 
maximum value is 100% of this same constant. The 
shallower value of penetration 7 into the plate on the 
larger weld sizes is caused by the relatively larger and 
thicker are and slag pool which interferes with the base 
material penetration. 

The maximum variation in leg size on any group of 
welds in this study was from plus ' 32. in. to minus 
1/6, in. from normal and confirms the data in Fig. 2. 
When setting up standard procedures it is important to 
select a minimum number of speeds when making vari- 
ous weld sizes by selecting proper current combinations. 
Welding operators can reproduce predetermined are 
speeds with amazing accuracy after some experience. 

Figure 17 illustrates the changes in bead shape when 
welding in the flat position and at various lead angles 
such as level, downhill and uphill. Generally, welding 
uphill produces a convex bead profile while welding 
downhill produces a concave bead profile. The ‘evel 
position produces a flat bead but its flatness depenris on 
Fur- 
ther, the downhill position produces shallower weld pene- 
tration 7f which can be useful in welding over large 
joint fit-up openings. 


the flux can position and current-voltage ratio. 


A finer grain flux and a heavier 
flux blanket generally produced a smoother bead pro- 
file. 

Welding at various lead angles in the horizontal po- 
sition also produces similar changes in weld bead pro- 
file. These conditions are identical in nature to those 


shown in Fig. 17 for the various lead angles. However, 


° 

3 
4 
=. 
; 
455 | 


in the horizontal position there is a greater tendency for 
undercut and overlap and, consequently, the weld profile 
is not quite as definite as in the flat position. The hori- 
zontal level and horizontal downhill positions are very 
advantageous from an are blow-through condition when 
welding on poor fit-ups such as */j;2.and'/sin. A general 
observation made during these studies indicated that as 
the root opening increases the welding position should 
more definitely be horizontal downhill. 

The over-all strength constants of the weld were not 
detrimentally affected by root opening. This was in- 
dicated in Fig. 14, but is more clearly shown in Fig. 18. 
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In specimens where the weld pool ran through the joint 
and, consequently, the weld build-up 7'w was decreased, 
the weld strength Tc was not too seriously affected. 
There is, of course, a question of suitable fatigue 
strength properties of the joint with the poor joint 
fit-up. However, in actual practice it is doubtful if 
the weld joint with poor fit-up shown in Fig. 18 would 
pass visual workmanship qualities and especially for 
fatigue application. 

As stated previously, considerable search was made 
on the manipulation of the flux can. It was found 
that for the horizontal position a work angle of 
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(ce) 
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Figure 17 
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Figure 18 
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Figure 19 


approximately 45 deg was the most desirable. A greater 
angle, such as 60 deg, although desirable to mini- 
mize welding skill, required for weld on poor fit-up 
conditions, causes excessive flatness and excessive un- 
equal leg conditions. A smaller angle, such as 30 deg., 
produces difficulty in obtaining smooth welds without 
undercutting on the vertical plate. 

From preliminary test it was found that for the flat 
welding position the desirable angle is 55 deg instead of 
the usual 45 deg generally used. Figure 19 illustrates 
the change in penetration pattern. The latter is 
important when attempting to obtain complete pene- 
tration on the heavier plate such as !/ in. 

The welding gage shown in Fig. 7 was developed to 
assist in quicker and more accurate reading of fillet 
welds. The gage can also be used to check weld fit-up 
(root opening) on fillet and butt welding as well as 
checking the reinforcement of the butt weld. Stand- 
ard gages currently available require making two com- 
plete readings (one for each leg) on fillet welds and then 
a calculation or a reference check to another chart 
not on the gage. Further, the present gages require 
large overhangs on each plate at the joint to make the 
two leg readings and also to make accurate readings the 
two plates forming the joint must be at 90 deg. 

The new gage developed allows making both leg 
measurements at one setting and then, by referring to 
the table on the gage, make the accurate determination 
of the equivalent equilateral weld size which is generally 
specified on the drawing. The construction of the 
vertical movable leg rule allows for considerable angle 
deviation from 90 deg without interferring with accu- 
rate measurement. A second operation at the other 
end of the gage allows measurement for excessive con- 
cave or convex bead profile. 

Figure 7 illustrates the operation in weld measure- 
ment. The horizontal rule indicates a 7/j-in. leg and 
the vertical rule a '/,-in. leg and by referring to the 
chart at the intersection of these two readings, the 
minimum throat dimension is 0.22 in. Referring to the 
outer row of figures on this chart showing the dimen- 
sions for two equal leg intersections, it is found the clos- 
est equilateral weld deposit would be a °/, in. weld 


Fillet Welds 457 


: = 

4 
q 
(b) % 
6. 
fit 
Fe'/« 
Vm? 

(a) ; 

3 


size and, therefore, the unequal leg deposit is equiva- 
lent to a °/\»-in. specified weld. 

To check whether the weld has the proper profile, the 
nose of the gage is set into the joint also shown in Fig. 
7b and then the slide is moved until it contacts the weld. 
If the weld is of proper profile, the zero line on the rule 
will not read on the maximum convex scale over */ i. in. 
and on the maximum concave scale under °/\¢ in. size. 


CONCLUSION 


It appears very feasible to economically provide for 
simple but effective controls on the manually operated 
submerged-are welding process. The control system 
would provide for use of a recording ammeter and volt- 


meter (or equal equipment) which could be set in the 
welding circuit at the operator’s station. The amper- 
ages, voltages and visual inspection of the recording 
profile shape and length of recording would provide 
suitable controls which with the aid of the welding 
gage illustrated previously and visual quality inspection 
would provide safe determination of weld strength and 
adherence to Code quality. 

It is the earnest desire of the authors that further 
work be accomplished by other production organizations 
and Code groups, such as the AWS to further this pro- 
gram. A substantial saving in manufacturing cost and 
conservation of raw materials and increased production 
output will be the ultimate result to the welding indus- 
try. 
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by Howard S. Avery and 
Henry J. Chapin 


Abstract 


Klectrodes of work-hardenable austeni- 
tic manganese steel are used for assembly, 
repair and hard facing of manganese stee] 
parts as well as for miscellaneous hard- 
facing applications. 

Nickel-manganese electrodes have been 
most popular in the past, but they are now 
being supplanted with molybdenum- 
manganese grades that are equivalent in 
most respects and = superior in vield 
strength and flow resistance. 

Detailed properties for these materials 
are described, their relation to specifica- 
tions shown and instructions for welding 
provided. Structural changes that may 
occur from welding are illustrated and pre- 
cautions to avoid welding damage are in- 
dicated. 

As overlays these materials provide 
good wear resistance for many applica- 
tions. They may be applied by manual 
and automatic are welding. The elec- 
trodes may be provided with flux coatings, 
but the compositions are unique in their 
ability to provide good welds when used 
bare. This is especially advantageous in 
automatic welding since it avoids the ex- 
pense and trouble of the flux blanket that 
is needed for submerged are welding. 


INTRODUCTION 


Hk unique properties of austenitic 

13% manganese steel are fairly well 

known in the engineering field, since 
Hadfield’s first patent* was one of the 
earliest issued to cover modern alloy 
steels. Its toughness, its capacity to work 
harden, its nonmagnetic behavior and its 
resistance to some kinds of wear have 
earned manganese steel an enviable repu- 
tation wherever punished parts represent 
an industrial problem. 

Castings account for most of the in- 
dustrial tonnage, but simple wrought 
shapes like plates and bars are also widely 
used. Rails formerly were an important 
wrought product, but at present man- 
ganese steel appears in trackwork chiefly 
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as cast frogs and the inserts at the points 


of maximum wear in crossings. 

The welding of such a_ useful alloy 
naturally has received considerable at- 
tention. It was soon recognized that it 
was unusually sensitive to reheating and 
could embritt!e from this effect to the 
point of losing its characteristic toughness. 
Oxy-acetylene welding is so likely to 
produce embrittlement that it is not ac- 
cepted as a practical method for this 
alloy. Properly handled electric are weld- 
ing has been successful. and thus the 
electrodes and correct techniques for 
using them are matters of considerable 
interest and importance. 

Most of the electrodes currently em- 
ployed are modifications of the basic 
composition used for castings and wrought 
products. This paper will review some 
of the important properties that affect 
their performance in service, and will re- 
late them to welding behavior and the 
properties of weld deposits 


COMPOSITION 


The ASTM Specification for Designa- 
tion A128-33 brackets the range from 
1.0-1.4% carbon and 10-14% manganese. 
The nominal composition for castings is 
1.2% carbon and 13% manganese. With- 
out the manganese it would be a high car- 
bon tool steel. As such, heating well into 
the red heat range would produce austen- 
ite, the nonmagnetic form of iron that 
can dissolve considerable carbon. The 
austenite is tough, relatively soft and is 
not usually stable at ordinary tempera- 
tures. If slowly cooled the dissolved 
carbon will separate out near 1000° F 
as iron carbide in the lamellar structure 
known as pearlite. If rapidly cooled, as 
by water quenching, the austenite of tool 
steel will avoid pearlite formation, but 
near atmospheric temperature it will 
suddenly change to the very hard struc- 
ture called martensite. Adding man- 
ganese slows down the formation of pearl- 
ite and depresses the martensite forma- 
tion temperature. With above 10% 
manganese these effects are so potent 
that transformation is prevented entirely 
by a water quench, and the tough austen- 


Avery, Chapin—Manganese Electrodes 


» Properties and welding techniques for use of molybdenum- 
manganese electrodes in repair and hard facing of manganese 
steel parts and for miscellaneous hard-facing applications 


ite is retained at atmospheric temperature. 
This is the essential contribution of the 
manganese. 

Other elements also stabilize austenite. 
The combinations of chromium and nickel 
in the stainless steels provide a familiar 
example; in fact several of the properties 
of manganese steel can be obtained with 
austenitic strinless steels. Manganese is 
less expensive, however. Carbon has an 
effect, especially in the presence of other 
alloys. 

Silicon is usually present in manganese 
steel as a deoxidizer. It also raises the 
vield strength and can be used up to about 
2%. At 2.5% it causes marked em- 
brittlement.' Sulfur is controlled by 
manganese and is seldom reported above 
0.025%. It readily forms innocuous 
globules of manganese sulfide that can be 
observed in the microstructure if they 
have not floated out in the slag. Phos- 
phorus is a common impurity. It ad- 
versely affects room temperature tensile 
properties above 0.10%'. Current mill 
specifications include a phosphorus maxi- 
mum of 0.07% for wrought welding elec- 
trodes. 

Molybdenum and nickel are sometimes 
added to castings and wrought forms of 
manganese sieel, but one or the other is 
usually present in electrodes. Their 
effects will be discussed under tensile 
properties. Chromium is generally pres- 
ent as a residual element, but several per- 
cent may be intentionally added. Like 
carbon, it tends to increase yield strength! 
and lower ductility. One approximation 
of its effect is to consider 1% chromium 
as the equivalent of 0.1% carbon. 

Most of the commercially available 
electrodes are of the molybdenum-man- 
ganese or nickel-manganese types. These 
have been recognized by the AWS-ASTM 
Subcommittee on Surfacing Filler Metals 
and tentative specifications for them are in 
progress. The specified composition 
ranges are: C Mn Si Ni Mo P 

% 


me 0.70 13 04 3.5 0.07 
FeMn (a) 

0.90 16 1.3 5.0 max. 

0.70 13 0.4 0.6 0.07 
E FeMn (b) 

0.90 16 1.3 1.4 max. 
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Types have appeared on the market 
that do not conform to these ranges. 
When they contain high manganese but 
only insignificant amounts of other 
alloying elements, they are usually ree- 
ommended only for build up of worn 
areas. Their toughness is inherently 
lower than that of the molybdenum- 
manganese or nickel-manganese grades 
that are preferred for critical applications. 

Other grades have incorporated alloy- 
ing elements with low manganese levels. 
They have not been generally accepted 
as equivalent to the high manganese types 
covered by this paper. Occasional ap- 
parently successful applications should 
be accepted with reservations since in 
these cases the full toughness of austenitic 
manganese steel probably was not re- 
quired. 

The austenitic chromium-nickel stainless 
steels have a different status. Some of 
them approach the toughness of man- 
ganese steel and can be interchanged in 


many welding situations. Their salient 
disadvantages are their cost and their 
resistance to oxy-acetylene flame cutting. 
Lower wear resistance is also sometimes a 
liability. They represent an area of ex- 
perience in welding manganese steel be- 
cause of large war surplus stocks that sold 
at considerably below their real value. 
Under normal market conditions their 
high cost justifies their use only for special 
purposes, such as the provision of a buffer 
layer between manganese steels and carbon 
steel, as described in page 478. These 
stainless steels (and modifications of them 
that contain unusually high manganese) 
are outside the scope of this paper. 


CONSTITUTION AND STRUCTURE 


The chief constituent of manganese 
steel is austenite, the nonmagnetic form 
of iron that can hold considerable carbon 
in solid solution. Austenite that is nearly 


fei, th 


he } 


saturated with carbon is responsible for 
the unique properties of this steel. 

The austenite is not entirely stable. 
It will reject some of the carbon at inter- 
mediate temperatures or during deforma- 
tion. This, in the form of manganese- 
iron carbides, occurs as fine particles, as 
films at grain boundaries, as flat, brittle 
plates, and in the lamellae of pearlite 
Carbide precipitation in any of these 
forms leads to inereased hardness and 
brittleness. Deformation (work harden- 
ing from pounding, etc.) raises hardness 
most effectively with the least loss in 
toughness. Carbide precipitation caused 
by slow cooling from the completely aus- 
tenitic range or by reheating the tough 
structure is undesirable. 

The normal tough structure is produced 
in manufacture by water quenching from 
above 1800° F. Weld deposits depend on 
modified compositions to approach this 
toughness after air cooling from the weld- 
ing heat. 


Fig. 1 Photomicrographs of the structure of austenitic manganese steel (reduced 20% in reproduction) 


(A) €C23301: as-cast; austenitic manganese steel; structure is brittle; 100 xo 
was too heavy, allowing slow cooling during a water quench); 500 x. 
even though water quenching was satisfactory); 100 . 

perly heat treated; 100 x. 
on mild steel (left) showing the brittle struc 


austenitic manganese 
manganese steel (right 


6 min at 1100° F (this can occur during welding); 100 x. 
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(F) A36302; 
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; 106 (B) M75101: imperfectly heat-treated manganese steel (section 
(C) N12501: imperfect heat treatment (temperature of 1600° F was too low 
(D) M12901: manganese steel reheated 48 hr at 700° F; 250 X. (E) M7801: standard cast 
se steel reheated 2 hr at 1000° F; 250 X. (G) T252001: arc weld of nickel- 
tures that develop in the intermediate fusion zone; 250 x. ( 
(D) J136213: cold-worked austenitic steel; 100 <. 


) P69401: reheated 
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Figure 1 shows a number of photomicro- 
graphs of manganese steel structures. 
The center picture (Fig. 1£) is clear aus- 
tenite with fine grain boundaries outlining 
the individual crystals. The thickness 
of the boundaries is related to toughness. 
Sometimes with optimum heat treatment 
they are scarcely detectable. In contrast, 
slow cooling from an imperfect quench or 
from air cooling will result in thick bound- 
aries and lower toughness, as in Fig. 1B. 

Cast manganese steel will frequently 
show rounded inclusions and microscopic 
shrinkage voids, as in Figs. 1C and 1E. 
In the amounts shown here they are con- 
sidered innocuous. 

Because of the wide possible range in 
cooling rates, cast structures exhibit great 
variety. The Fig. 1A from 
a small casting has considerable carbide 
in the form of flat plates like the reheated 
structure of Figs. 1D and IF. Heavy 
castings may have much of the precipitated 
carbide at grain boundaries. The purpose 
of the conventional heat treatment is to 
convert the structure like Fig. 14 to that 
of Fig. \£ by heating and quenching. If 
the top temperature is too low, carbide 
solution will be imperfect, as in Fig. 1C, 
while a slow quench permits too much to 
precipitate at grain boundaries during 
cooling as in Fig. 1B. 

The tough structure of Fig. 1 Z is readily 
embrittled by reheating because of car- 
bide precipitation as in Figs. 1D, 1F and 
1H. Near 1000° F, pearlite (the dark 
areas in Fig. 1F) is prominent as a trans- 
formation product. Note that the reheat- 
ing condition of Fig. 1H (6 min at 1100° F) 
could readily occur during welding. 

The carbide precipitation that occurs 
during cold deformation (work hardening) 
produces the “‘slip lines’’ seen in Fig. 1/ 
and produces much less embrittlement 
than reheating. 

Figure 1G shows the results of welding 
with a nickel-manganese electrode on mild 
SAE1020 steel (on the left edge). The 
austenitic weld metal (extreme right) is 
similar to Fig. 1E, but the intermediate 
fusion zone, which has an ‘‘average’’ com- 
position between the two, develops con- 
siderable martensite or other 

structures during cooling. It is brittle 
and prone to crack. This sort of structure 
should be carefully avoided. 


one in 


acicular 


PATENTS 


One of the earliest welding rod patents 
for manganese steel was issued to Church- 
ward in 1920 (U.S. Pat. 1,337,543). This 
covered 1.0-1.25% carbon and 3.0—-13.0% 
manganese with an iron base. The top of 
this range will be recognized as Hadfield’s 
manganese steel, but the lower limits are 
hardenable tool steels with quite different 
properties. The high carbon level and the 
general lack of understanding of this alloy 
system probably prevented it from becom- 
ing generally useful. 

The first important patent was issued to 
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F. A. Fahrenwald in 1931 (U. S. Pat. 

1,815,464) and assigned to The Ameri- 

can Manganese Steel Co. The claims 

bracketed the ranges of 0.5-2.0% carbon, 

5-25% manganese, 25-90% iron and 0.5 

50% of nonferrous iron group (nickel or 
cobalt) metal. The preferred range claim 
covers 0.5-1.5% carbon, 10-15% man- 
ganese, 1-10% nickel and 60-80% iron. 
Current nickel-manganese electrodes fall 
within this range. However, experience 
has demonstrated the desirability of avoid- 
ing the higher carbon levels. The patent 
lists a silicon range from 0.35 to 2.00% 
but does not include it in the claims. 

In 1932 U. 8S. Pat. 1,876,738 was issued 
to B. H. Payne. His ranges of 0.60-0.85% 
carbon, 11.0-13.5% manganese, 0.60 
0.95% silicon and 2.5-3.5% nickel fall 
entirely within the ranges shown by 
Fahrenwald. He makes a point that 
carbon and nickel are related and that 
less nickel is needed when the carbon is 
low. He claimed virtues of silicon above 
0.60% as a fluxing ingredient in welding 
rod. These ideas are not entirely valid in 
relation to the slowly cooled (not delib- 
erately heat-treated) steels, since nickel 
will not eliminate the tendency for high 
carbon to produce embrittlement. More- 
over, fairly good welding electrodes can 
be produced without any nickel. Tech- 
nically the greatest value of this patent is 
definition of a desirable carbon range for 
welding electrodes and for parts that are 
not to be heat treated. Even today 
acceptable nickel-manganese electrodes 
are produced with silicon below 0.60%. 

On Dee. 31, 1935, two patents were 
issued to J. H. Hall. The first describes 
a method of producing ‘‘sound welds’’ for 
resurfacing or repairing manganese steel 
by depositing nickel-manganese of lower 
carbon content than the base metal (U. S. 
Pat. 2,026,467). The second defines the 
recommended welding rod, with the com- 
position range 0.5-2.5% silicon. Claim 
2 features up to 2% silicon in a nickel 
containing manganese steel weld rod, 
stressing its deoxidizing power. The 
remaining four claims cover “‘an iron or 
steel ” with 0.3 to about 1.0% 
carbon, 10-15% manganese and 1-5% 
nickel. Claims 3, 4 and 5 include silicon 
in effective amounts up to 2.5%, while 
claim 6 defines the 1.25-1.60% silicon 
range. Claim 4 introduces from 1 to 8% 

chromium while claim 5 stipulates suffi- 
cient chrome to cause the metal to harden 
under cold work (U. S. Pat. 2,026,468). 

As a result of the earlier patents the 
features described by Hall were already a 
part of the industrial practice at the time 
his patents were issued. His claims were 
the first to mention chromium for welding 
rods, but the assumption that it is neces- 
sary to make the steel harden under cold 
work is erroneous. Silicon was, of course 
well known as a deoxidizer, but present 
experimental evidence can show that sound 
welds are not assured by following these 
patents. 


article 
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Technically, the most valid statement of 
Hall’s is to describe the role of low carbon 
in the deposited metal, which is ‘‘to dilute 
the relatively high carbon content of the 
partially fused or transition zone of the 
parent metal and so reduce or prevent the 
liberation of earbides.’’ Fahrenwald be- 
lieved that the embrittlement of man- 
ganese steel was due to austenite trans- 
formation while Hall attributes it to car- 
bide precipitation. Both mechanisms can 
operate, but carbide precipitation is most 
likely to cause trouble in weld deposits. 
These patents all state that the weld rod is 
applicable for both gas and are welding. 
Their lack of test data or experimental 
evidence is noteworthy. None of them 
offer any help in avoiding embrittlement 
of the heat-affected zone under the weld 
deposit and the fusion zone. 

The claims of the four nickel-manganese 
patents overlap so much that it is fortunate 
that they did not lead to litigation. The 
several companies involved entered into 
cross-licensing agreements, and by the 
time the patents had all expired (1953) 
their products were quite similar. This 
makes possible the writing of a single 
specification. The clearest picture of the 
behavior of manganese steel was provided 
by Bain and his co-workers in the U. S. 
Steel Research Laboratories.? Their 
paper defines clearly the relation of carbon 
content, carbon solubility and temperature 
and is more valuable than all of the patent 

disclosures. 

In 1934 J. B. Austin received a patent 
on welding electrodes intended for use on 
manganese steel. He remarks on the 
tendency of high carbon to cause weld 
cracking and describes a composite elec- 
trode that includes ferromanganese, ferro- 
silicon and carbon in the coating. This is 
applied on a 0.15% carbon, 3.5% nickel 
core wire. The total electrode composi- 
tion is from 1.4 to 1.9% carbon and 12 to 
17% manganese and was said to provide 
a deposit with 0.8% carbon, 12.6% man- 
ganese and 3.2% nickel. Welding prac- 
tice is described as a crescent weave with 
120-140 amp d-c reversed polarity (elec- 
trode positive). Improved are stability 
and lower welding currents were virtues 
claimed in comparison with bare are weld- 
ing. Most manganese steel welding was 
then, and even is today, done with bare 
rods. It is not clear whether this patent 
was effectively exploited commercially, but 
coated electrodes have slowly become more 
prevalent. The composite form that de- 
pends on the coating to carry some of the 
essential alloying elements is less expen- 
sive to produce but is more likely to result 
in segregation and nonuniform deposit 
composition. 

Meanwhile considerable unpublished 
research® was clarifying the role of various 
alloying elements on the austenitic man- 
ganese steels. It became evident that 
perhaps the most important role of nickel 
was to maintain the tensile strength of 
manganese steel in which carbon was 
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lowered to avoid carbide precipitation 
embrittlement. Various other elements 
would also do this, but since the nickel- 
manganese type was well established and 
generally satisfactory, there was little 
economic incentive to substitute until a 
nickel shortage was caused by World War 
Il. 

In 1936 a patent was issued to P. E. 
Jerabek that claimed composite electrodes 
and weld metal deposits that were “‘able to 
achieve substantially maximum hardness 
by means of a minimum of cold work by 
the presence of’’ tungsten, molybdenum or 
vanadium. His claimed, ranges (in per- 


cent) ineluded: C, 0.50-1.20; Mn 7.0 
15.0; Ni, 0.10-10.0; Mo, <2; W, <2; 
V, <2. He describes the prior art as de- 


pending on 11-15% manganese rods con- 
taining 1.0-1.5% earbon and upon water 
quenching the welds to maintain an aus- 
tenitic structure, which is an erroneous 
description. Lower carbon electrodes 
were common practice at this time and 
water quenching was seldom used in the 
field. He states that lowering of carbon to 
0.6% eliminated weld cracking but re- 
duced the work-hardening capacity so 
much that welds failed in service before 
they could harden sufficiently. The modi- 
fications he claimed were said to overcome 
these difficulties. Molybdenum will not in 
fact prevent weld cracking, and while it 
can under some conditions accelerate work 
hardening, this is not a desirable result. 
This patent contains an interesting list 
of the various ways in which alloy deposits 
can be made by means of the welding arc. 
Jerabek received another patent (U.S. 
Pat. 2,266,762) in 1941, in which he claims 


nickel (or 


of copper for 
cobalt) in the formulas of his 1936 patent. 
The broad claims cover the ranges (in 


substitution 


percent): C, 0.50-1.20; Mn, 7-15; Si, 
0.20-1.0; Ni + Co, 0-10.0; Mo, <2; 
W, <2; V,<1; Cu, 0.10-10.0, as deposits 
from are welding. 

Narrower and more practical claims 
define electrodes that vield deposits in the 
range (in percent) of: C, 0.85-0.92; Mn, 
12.5-13.5; Si, 0.40-0.60; Cu, 0.90-1.25, 
and at least one of these: Mo, 0.35-0.75; 
W, 0.35-0.75; V, 0.10-0.75, or weld de- 
posits with less than 0.20% nickel and 
cobalt and C, 0.60-0.80; Mn, 10-13; 
Si, 0.25-0.45; Cu, 0.90-1.25; and at 
least one of these: Mo, 0.35-0.75; W, 
0.35-0.75; V, 0.10-0.75. 

All of these claims are modified by the 
maximum hardness by minimum cold 
work clause. Two others define un- 
qualified compositions, the most  signif- 
icant of which is weld metal which upon 
normal cooling is predominately aus- 
tenitic and which comprises (in percent): 
C, 0.60-0.80; Mn, 10.00-13.00; Si, 0.25 
0.45; Cu, 0.90-1.25; Mo, 0.45-0.65. 
This has been exploited commercially. 
It is not in the range that causes accelera- 
ted work hardening. 

The various patents fail to deal with 
two important properties: yield strength 
and inherent toughness. While some 
mention weld cracking, they do not deal 
with it effectively, and engineering test 
data are conspicuous by their absence. 

Both vield strength and toughness can 
be measured by the conventional tension 
test, which will also show the progress 
of work hardening for austenitie alloys 
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Fig. Stress-strain curves demonstrating the toughness of austenitic manga- 
nese steel 
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(Fig. 2). Toughness is indicated by the 
area under the stress-strain curve and is 
related to some kinds of wear resistance. 
The tough manganese steels have a long 
deformation range between the yield and 
the point of ultimate failure. They 
afford high values of tensile strength and 
elongation. Work hardening is taking 
place during this deformation. A steep 
slope bevond the vield strength indicates 
rapid work hardening; that, is the maxi- 
mum strength (and hardness) is being 
obtained with less deformation (or cold 
work). Such steels show poor ductility 
and poor resistance to grinding abrasion 
in laboratory They are readily 
produced by lowering carbon and man- 
ganese too far or by excessive amounts of 
such ferrite promoting elements as silicon 
and molybdenum. 

The general absence of tensile data can 
be partially explained by the difficulties of 
machining manganese specimens ; 
they usually must be ground in special 
equipment. However, part of the scarcity 
may stem from the cracks and other 
defects that are common in manganese 
steel weld deposits. To obtain good data 
with facility it has been advisable to 
work with cast specimens when studying 
alloy effects and to study weld defects 
with other techniques. 


tests. 


steel 


INDUSTRIAL STATUS 


The application of nickel-manganese 
electrodes after the late 1920’s made 
possible fabrication and repairs of manga- 
nese steel that previously had been con- 
sidered impracticable. This advance was 
generally attributed to the nickel content, 
whereas, in fact, it probably was due 
chiefly to lowered carbon. It is con- 
sidered significant that welding of man- 
ganese steel in Europe, where the 1.2% 
carbon grade is widely used for electrodes, 
is generally less successful than in this 
country. 

A substantial amount of low carbon 
manganese steel, either unalloyed or with 
insignificant amounts of molybdenum, 
copper, nickel, etc., has been employed 
for facing applications on manganese 
steel parts. This build-up use is a re- 
placement of worn metal, usually subject 
chiefly to abrasion and compressive 
stresses. Results were apparently satis- 
factory, but for applications where tensile 
stresses were important or toughness was 
obviously desirable, as in railway track- 
work, nickel-manganese steel electrodes 
were generally considered superior. 

The war vears of the 1940's required a 
change. Molybdenum was more available 
than nickel, and since the technical labora- 
tory data were favorable to a substitution, 
the 1% molybdenum-manganese grade 
was introduced and accepted for general 
use. It performed well, but after the 
war there was a tendency to revert to the 
nickel grade because of the long experience 
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record with the latter. The pattern has a 
recently reversed again because of the ; 
strategic character of nickel, which makes ro. 7 
the data in this paper particularly perti- 
nent. The evidence indicates that 1.0% E 2 z 
molybdenum produces metal that is 2 3 xr 3 
nickel, at the same carbon level. This < z 3 3 
superiority is difficult for the user to de- 3 et TV fe) # £ -!000 9 
tect except in applications where the 3 3 3 ° 2) 3 2 5 
higher vield strength is exploited, since & $ 4 3 ] as 
most field tests of manganese steel welds O40}— = 1 « 
unless they are carried out with the © § g E >» 
precision and control of laboratory ex- 3 060 mje ' 3 7 
periments. Even in the laboratory a = y O70} 2 x < < 2 ] 
statistical approach, as described later, OBO} = t 2 te 
may be necessary to provide valid eon- 090} P 7 2 
clusions about weld behavior. < + 1.00 [ 3 % 


TOUGHNESS 

BHN: Too 650 416 145 310 240 200 17S 20! 

Fig. 3 Comparative tensile toughness and wet sand grinding abrasive wear of a 

signed primarily for tension service, as In group of abrasion resistance alloys 
chains, but in most cases tensile stresses 


are only one of the hazards of a part selec- 


ted to resist wear. Toughness is the been called the ‘‘merit number’’* is ob- abrasion also shown. Note that the 
quality most desired, which places a pre- tained by multiplying the conventional manganese steels provide the best com- 
mium on ductility and strength together. ultimate tensile strength by elongation in bination of great toughness together with 
One measure of toughness is the area the same test. Figure 3 is a bar graph fair abrasion resistance. 

under a stress-strain curve, as in Fig. 2. of various alloys compared on this basis, The average tensile properties of cast 
An approximation of this index that has with resistance to high stress grinding and toughened manganese steel appear in 


Table 1. It should be recognized that 
such an average of engineering properties 
is only the central tendency of a seatter 
band whose pattern is shown in Fig. 4. 


Table 1—Properties of Standard Austenitic Manganese Steel Three series that show the effects of 
Re- nickel, molybdenum and chromium on 
duc- 1.15% carbon austenitic manganese steel 
Tensile st } Elon- = Hard appear in Fig. 5. From these it will be 
ens str qa- ard- . = 
Chemical composition, % noted that nickel has a negligible effect on 
| oe Cc in Si Yield Ultimate % % Bhn vield strength but that the other elements 
As-cast, Lin. diam 1.11 12.7 O54 52,400 64,800 4 can raise it effectively, Carbon can raise 
(specimen properties) the vield strength also! but like chromium 
Cast and heat 1.13 12.5 0.50 53,000 124,000 45 it lowers ductility at the same time 
treated, | in. diam (average of 51 heats, including 106 specimens) From this group molybdenum emerges :s 
Cast and heat 1.0 10 0.2 50,000 100,000 30 30 185 the element able to increase the vield with 
treated. Lin. diam 1.4 14 1.0 57,000 145,000 65 10 210 the least impairment of elongation. 
expectancy There is a hint that nickel can raise 
Cast and heat 111 127 0.54 52.000 89.600 25 35 ductility. Experience has shown that this 
treated in 4-in. (specimen properties) is pronounced at lower carbon levels. The 


section average elongation of six 3.5% nickel, 
Cast and heat 0.54 17,000 65,700 18 25 0.78% carbon heats was 60% (but the 


treated in’ Sin. (specimen properties ) low carbon dropped the vield strength to 
section 


46,300 psi). However, no commercial 


Rolled and heat 1.1 11 0.2 50,000 131,000 40 35 170 significance has been established for the 
treated, Lin. diam 1.4 14 0.6 60,000 142,000 60 50 » 200 difference between 40 and 60% elongation. 
expectancy . 

These properties are based on cast 1-in. 

Elastic modulus: 28 million psi. diameter test bars, headed to ensure sound 

Work hardening capacity: From 170-200 Bhn to 450-550 Bhn. 

Specific gravity: 7.9 Density: 0.286 Ib/cu in. or 493 Ib/cu ft. metal. ouring temperature (and grain 

Melting point: 2450° F. Specific heat: 0.12 g eal/g/° C. size) Was not controlled as a variable in the 

Thermal conductivity :_ About 2.3% that of copper. 7 group and thus the seatter band implied 

Electrical resistivity: 70 microhms/cm cube or about 7X that of pure iron. <i : a k 

Magnetic permeability: 1.003--1.03 (H =24). Without surface preparation: 1.3+. by Fig. 4 must be considered in the inter- 

Wet quartz sand abrasion factor: 0.75-0.85 (vs. SAEK1020 steel as 1.00) (high stress pretation of the ultimate strength values 


abrasion). 
Dry quartz sand erosion factor: 0.41 -0.56 (vs. SAE1020 steel as 1.00) (low stress abra- R 
aon, The separation of carbon along grain 


in Fig. 5. 


rhermal expansion coefficients, in. per in. per ° F 


(as anganese-ir ‘carbide: 
100° F 200° F 300° F 100° F 500° F 600° F F ‘ ‘ carbides) (Fig. 1) 
0.0000102 0.0000106 0.0000111 0.0000119 0.0000126 0.0000134 0.0000136 Curing the cooling of manganese steel 
austenite is responsible for loss in ductility. 
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Fig. 4 Scatter band of austenitic manganese steel tensile properties 
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Fig. 5 Effects of nickel, molybdenum and chromium on tensile properties of 
cast austenitic manganese steel, water quenched from 2000° F 
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The greater the amount of available carbon 
the more severe is the potential loss in 
toughness. The effect is prevented by the 
toughening heat treatment, which in- 
volves water quenching from a tempera- 
ture high enough to dissolve the available 
carbon. However, it is usually incon- 
venient or impractical to heat treat man- 
ganese steel weldments. The relatively 
slow cooling from welding heat permits any 
marked tendency toward carbide precipita- 
tion to operate. The effect can be mini- 
mized by lowering carbon. This justi- 
fies carbon below 0.90% for welding, in 
comparison with the 1.10-1.25% carbon 
of the standard grade, providing other 
properties are not impaired. 

The least complicated way to explore 
this carbon effect is by means of tensile 
tests on small castings. By cooling in the 
mold they simulate the rate of a slowly 
cooling weldment. The casting can be 
designed to provide sound test metal with 
a uniformity and reproducibility superior 
to weld deposits. It avoids the adverse 
effects of microscopic bead fissures, gas 
pockets, slag inclusions, incomplete fusion 
areas and such defects that are potentially 
present in weld deposits. It should be 
recognized that a heat-treated casting is 
not representative of weld metal. The 
casting must cool slowly, as does a weld 
deposit, for deductions involving their 
relationship to be approximately valid 
Even in this case it is not implied that the 
tensile properties of welds or weldments are 
equivalent to those of slowly cooled cast- 
ings. The latter may be considered ss 
limiting values, to be matched only by 
perfect welds. Nevertheless, the trends 
established by studies of castings are con- 
sidered to be valid for weld deposits of the 
same composition. 

The effect of carbon on yield strength 
has been published.' In the range of our 
present interest it may be considered to 
raise the 0.2% set yield strength by about 
285 psi per 0.01% carbon. Lowering 
carbon in the usual 12% manganese stec! 
given the toughening heat treatment also 
lowers ultimate strength and elongation as 
indicated in Table 2. 

Contrast this tendency for ductility to 
decrease with carbon content, after heat 
treatment, with the pattern of greater 
ductility at lower carbon after the slower 
cooling of the alloyed as-cast bars in 
Table 3. Notice also that the addition of 
1% molybdenum makes possible a higher 
tensile strength at the 0.75% carbon level 
as well as good ductility. 

It will be recognized that several com- 
positions are involved in the response to 
welding. The electrode metal changes as 
described in Table 6 during deposition; 
the first layer of a deposit mixes with 
fused base metal to form a composition 
that depends on are power and welding 
speed; subsequent layers involve different 
amounts of mingling with the base metal, 


THe WELDING JOURNAL 


‘ 
ah 
| 
‘ 


Heat No. C% 
Avg. 
19-304 0.73 
49-210 0.61 


Mn: 


Water quenched from 1900° F 


Ultimate 


Yield tensile 
strength, strength, 
psi psi 
53,000 124,000 
46,000 109,250 
42,000 96 , 750 


11.5-12.5%; Si: 0.34-0.60%) 


Elonga- 


lion, 
45 


Table 2—Effect of Carbon Content on Heat-Treated 12% Manganese Steel 


Reduc- 
tion 
of area, Hard- 
% ness, Bhn 
35 195 
28 163 
18 167 


Chemical composi- 


Heat tion, % 
No. Mn Si 
. 51-178 1.55 6.3 0.58 
51-608 1.27 11.7 0.56 
45-033 1.11 12.7 0.54 
48-053 0.95 13.0 0.51 
51-607 0.85 11.2 0.57 


48-051 1.17 13.0 0.49 
46-532, 0.95 13.3 0.60 
45-262 1.17 12.7 0.53 
46-483 0.91 13.3 0.53 


XNG137 0 


45-495 O.8 


46-572 0. 


50-313 0.79 


50-553 0.89 14.1 0.54 
XG135 0.81 15.0 0.98 
50-546 0.75 13.9 0.58 
50-557 0.93 14.2 0.61 
50-521 077 14.0 0.54 
50-019 0.69 14.2 1.19 


Slowing cooling 
in sand molds 


Ultimate Elonga- 
tensile tion, 
strength % in 
psi 2 in. 
51,500 O 


CG 52,000 2.0 
FG 69,500 2.5 
64,800 4 
61,250 14 
CG 64,000 14.5 
FG 87,500 21.0 
Cr 
1.99 71,750 8 
2.04 71,250 15 
Ni 
3.56 
3.38 73,750 24 
88,750 28 
4.04 72,000 27 
98,000 35 
3.46 CG 
FG wih 
3.61 77,500 26 
95,250 33 
3.57 91,000 35 
Mo 
0.99 100,000 30 
1.08 87/117,500 30/38.5 
0.94 107,500 40 
1.95 105,750 29 
2.00 112,500 35 
2.42 89/109,500 26/30 


Table 3—Tensile Properties of Cast Austenitic Manganese Steels After Slow 
Cooling and after Water Quenching 


Water quenched 
from above 1800° F 


Ultimate 
tensile 
strength, 
pst 
106,500 
107 ,500 
134,000 
104,800 
109, 500 
81,000 
111,500 


127 ,500 
113,525 


114,000 
103 ,500 
124,900 
100, 500 
119,250 
106 , 250 
121,750 

94,625 
121,250 
122,750 


136,750 


122/136 ,500 


131,500 
132,000 
128,750 
116,980 


Elon- 
gation, 
% in 


CG = 


coarse grained. F 


G = fine grained. 


and finally the unfused base itself will be 
lower carbon 
grades in Table 3 will indicate the pattern 
of weld deposit response. 


affected. The 


deposited metal. 


The heat-affected zone close to the weld 
junction will be heated briefly into the 
heating 
cause expansion that, if hindered, is con- 
verted to plastic flow which will have the 
effect of shortening the original length of 


austenitizing range. 


the welded face. 


cooling. 


straint, With 


cooling. 


The 


most 


in tension. 


tendency. 


tion on Weld Defects. 


The 


The peening is 


and 


The base metal 
is usually the higher carbon standard 
manganese steel, which is more likely to 
lose toughness during welding than is the 


This leads to warping 
as the shortened face contracts during 
The usual effect is to make the 
weld deposit area concave; it can be mini- 
mized by good technique or heavy re- 
restraint severe 
stresses build up in the welded zone during 
They readily cause cracks, es- 
pecially in the underbead area where slow 
cooling from white heat permits carbides 
to precipitate in grain boundaries (Fig. 1). 
dangerous range is 
1800° F where manganese steel is both 
weak and brittle, and very likely to crack 
If the deposit is pounded at 
this point, the peening will create com- 
pressive stresses that not only reduce the 
tendency to crack but oppose the warping 
This is the reason for the stand- 
ard advice to peen manganese steel welds 
promptly after welding. 
most effective when the weld is nearly 
white hot, but this is generally impractical. 

The effects of alloying elements on bead 
cracking will be discussed under the sec- 


tensile 


ELEVATED TEMPERATURE 


Austenitic manganese steel is not rec- 


PROPERTIES 


alloy 


will 


near 


Heat 

No. C,% %P,% 
50-553 0.89 0.05 
50-546 0.75 0.04 
50-557 0.93 0.05 
50-521 0.77 0.05 
50-520 0.90 0.09 
50-545 0.90 0.07 
50-558 0.79 0.08 
50-552 0.74 0.08 


Heat No. CU, % Mn, % Si, % Vi, J Mo, % i. 
49-388 1.13 11.9 0.49 0.04 
19-418 0.67 12.8 0.72 a) iss 0.05 
50-553 0.89 14.1 0.54 0.99 0.05 
50-546 0.75 13.9 0.58 0.94 0.04 
50-557 0.93 14.2 0.61 1.95 0.05 
50-521 0.77 14.0 0.54 2.00 0.05 
50-520 0.90 13.9 0.55 2.00 0.09 
50-545 0.90 13.9 0.58 1.79 0.07 
50-558 0.79 14.4 0.61 2.00 0.08 
50-552 0.74 13.9 0.51 1.92 0.08 
Room temperature tensile properties for comparison 
As-cast 
Ultimate Reduc- 
Yield tensile Elonga- tion of 
strength, strength, tion, area, 
Mo, % psi pst % % 
0.99 52,000 100,000 29.5 22 
0.94 48 ,750 107 , 500 39.5 30 
1.95 56,750 105,750 28.5 21 
2.00 55,000 112,500 35.0 26 
2.00 55,750 95,000 24.5 21 
1.79 57,000 102,250 26.0 20 
2.00 54,500 101,000 29.0 22 
1.92 54,000 111,000 36.0 25 


Table 4—Tensile Properties of Several Austenitic Manganese Steels at 1800° F 


0.016 
0.015 
0.009 
0.011 
0.010 
0.021 
0.018 
0.014 


Yield 


strength, 


psi 
54,000 
52,500 
58,000 
54,250 
57,750 
58,750 
57 ,000 
57 ,000 


Ultimate Elonga- 
tensile tion, 
strength, % in 
pst 2 in. 
7,250 1.5 
7,500 1.0 
7,300 10.8 
8,000 25.7 
10,000 30.9 
8,900 33.3 
6,750 2.0 
8,100 4.4 
9,000 12.4 
8,700 12.9 


Ultimate 


tensile Elonga- 
strength, tion, 
psi % 
136,750 67.0 
131,500 59.0 
132,000 53.5 
128 , 750 50.5 
120,000 43.0 
128 ,000 48.5 
127 , 500 51.0 
125,740 51.0 


Reduction 
of 
area, 


Reduc- 
tion of 
area, 

0 
38 
38 
34 
33 
29 
32 
33 
33 


% 


Water quenched from above 1800° F 


Hard- 


~ 


ness, 


Bhn 
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21 a 

2 in. 
16 
39 

42 

39 
46 ; 

24 4 

32 
50 

44 

44 

86 15.2 1.02 47 

62 

12.5 «(0.48 50 
60 
1305 0.53 42 
61 a 
13.4 0.72 56 
| 
57/65 
59 
54 

| 

31 

a 

3 

10 
32 
38 a 
40 4 
3 
3 
14 

15 
207 
207 

207 
183 
| 188 4 
196 
207 
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PROPERTIES OF [2% MANGANESE STEEL 


CAST MANGANESE STEEL 


T \ T T T T T 
° 
Q 60h teat Mn% Si% Ni%e P% 124 
308 112 119 048 - 
067 126 072 35 005 
430 
kK STANOARO MANGANESE 
STEEL 49-200 
z 40 
%) 722 * 
ly Ke < 
ELONGATION < 
41o q 
o L L ra) (WELOING ELECTRODE GRADE) re) 
400 800 1200 1600 2000 °F 1200 400 1600 1800 8000 
TEMPERATURE TEMPERATURE - FAHR. 
Fig. 6 Tensile properties of Hadfield’s manganese steel up to Fig. 7 Tensile properties of austenitic manganese 


1830° F after F., Roll 


ommended for service above 500° F, so 
there are little data available relating to 
high temperature behavior. However, 
weld deposits must cool through the red 
heat range and adverse effects thus become 
pertinent. It is not generally known that 
manganese steel is quite hot short in the 
vieinity of 1800° F. Figure 6 from a 
German article’ and Fig. 7 from the files 
of the American Brake Shoe Co. Metal- 
lurgical Laboratory confirm that both the 
standard grade and the common nickel- 
manganese welding electrode type can be 
seriously hot short at 1800° F or above. 
This undesirable tendency may appear in 
weld deposits as visible cracks or un- 
Were it not 
steel 


noticed microscopic fissures, 
for the toughness of manganese, 
which confers a remarkable resistance to 
crack propagation, this hot shortness 
would have received more general recogni- 
tion as an adverse property. 

Phosphorus is known to have an ad- 
verse effect on hot ductility, and it was 
logical to look for a similar effect on bead 
cracking. When working with commer- 
cial electrodes, which usually contain 
about 0.045% phosphorus, no clear rela- 
tion detected. The evidence was 
probably too much obscured by variables 
to yield to anything but extensive statis- 


was 


tical analysis. 

Some influence of both 
phosphorus can be shown on ductility at 
1800° F (Table 4). The comparative 
room temperature properties show the 
effect of both carbon and molybdenum on 
yield strength but the phosphorus varia- 
tion seems insignificant. Crack count 
tests on this same group of alloys showed 
some variation, but it was not statistically 
significant (Table 16 in the section on 
Weld Defects). 
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WORK HARDENING 


The remarkable capacity of 13% man- 
ganese steel to work harden is well known. 
Most metals will harden somewhat when 
cold worked, but few approach this alloy 
in such hardening, which is attributed to 
carbide precipitation. The manganese- 
rich austenite dissolves over 1% carbon 
readily at high temperature, but after 
cooling to ordinary temperatures there is 
a tendency to come out of this solid solu- 
tion. High manganese makes this tend- 
ency so sluggish that it operates only 
with the aid of slow cooling, reheating or 
deformation. The first two cause carbide 
rejection that is concentrated along rela- 
tively few crystallographic planes and 
grain boundaries, as in Figs. 1B and IF, 
where it is responsible for brittleness. | De- 
formation causes small amounts of precipi- 
tation in a multitude of well-dispersed 
points and planes. The visible effect is to 
form slip lines, as in Fig. 1/7. The car- 
bides are so fine and well scattered that 
their tendency to embrittle is slight while 
their power to increase hardness and vield 
strength is marked. 

Manganese steel work hardening is 
sometimes attributed to martensite forma- 
tion. There is little or no evidence that 
this is true for the grades featured in this 
Their martensite point is below 


paper. 
There is evidence of 


room temperature, 
martensite in steels unbalanced by low 
manganese or other composition variables, 
Some types with lower alloy content will 
work harden very rapidly and might 
appear attractive for wear resistance. 
However, experimental data show that 
thev are lower in both abrasion resistance 
and toughness than the standard grades. 
Toughened manganese steel has a hard- 
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steel of the standard and Ni-Mn welding electrode 
grades from 1100 to 2100° F 


ness below 200 Brinell. Work hardening. 
which is in proportion to local deforma- 
tion, can raise this up to around 550 Bhn, 
though the top values usually seen after 
service are in the 400-500 Bhn range. It 
is common to credit wear resistance to 
this hardening. This may not be correct. 

Where an abrasive is harder than the 
soft austenite, but softer than the work- 
hardened alloy, it is reasonable to expect 
improve. This 
rocks as 


abrasion resistance to 
should be the case with such 
dolomite or limestone. The pattern has 
not been proved for harder minerals such 
as feldspar and quartz. With reliable 
laboratory tests for both high stress grind- 
ing abrasion and low stress scratching 
abrasion, it could not be established that 
drastic work hardening would decrease 
wear against quartz sand outside of the 
moderate experimental error range of the 


tests. 

The case for metal to metal wear is 
different. Even carefully finished sur- 
faces are microscopically rough. If one 


of them is hard, the roughness can have a 
filelike action on the mating face unless 
separated from it by a competent film of 
lubricant. If the faces are soft, the minute 
projections can be mashed down under 
stress. Intimate contact of the incressed 
areas that result from this deformation 
can lead to seizure, galling and related 
manifestations of welding wear. Hard- 
ness seems to minimize such welding 
wear, as will films that prevent intimate 
metallic contact. 

Manganese steel is not likely to have the 
filelike action because its original rough 
spots are soft. Deformation easily occurs 
to provide a smooth surface, but simultan- 
eously this surface is so hardened that it 


resists welding wear. This case harden- 
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ing, together with smooth conformation of 
mating faces, provides a unique combina- 
tion for metal to metal wear. Some bear- 
ings are designed on this basis with only 
water as a lubricant (or coolant). 


RESISTANCE TO ABRASION 


The ability of austenitic manganese 
steel to withstand seratching or low 
stress abrasion is not marked. Against 
quartz sand it wears about half as much as 
soft steel. Manganese steel castings are 
important parts of many dredge and ma- 
terials handling pumps, where they are 
subject to erosion by sand laden water. 
They may also have to withstand the im- 
pact of large stones. Cast pipe sections, 
elbows and the like made of this alloy 
have a similar status. 

This type of wear has been best repro- 
duced in the laboratory by means of a 
rubber wheel test using sand as a loose 
abrasive. It may be termed erosion for 
simplicity and because velocity is an im- 
portant variable, but in the laboratory 
test it is measured as low stress scratching 
abrasion. For manganese steel the wear 
factors* from this device ranged from 
0.41 to 0.74 vs. 1.00 for mild steel and aver- 
aged 0.545 for 12 specimens. These in- 
eluded nickel-manganese and 2% chrom- 
ium modifications as well as the standard 
grade. Several of the specimens were 
work hardened up to Rockwell C45 by 
hammering without significantly changing 
the erosion resistance. Are weld deposits 
from a coated electrode depositing man- 
ganese steel containing about 0.80% 
molybdenum gave an average dry sand 
erosion factor of 0.62. Comparisons with 
other materials and a schematic diagram 
of the test may be found in previous pub- 
lications. 

The abrasion factor against wet quartz 
sand in «a grinding or high stress abrasion 
test® that correlates with ball mill service 
is 0.80 + 0.05 and, as in the low stress 
test above, work hardening does not 
significantly change it when quartz sand 
is the abrasive. Are weld deposits of the 
various manganese steel types fall within 
the same range. 

Many alloys have better abrasion re- 
sistance than manganese steel, but under 
heavy impact conditions they are prone to 
failure by cracking and fracture. Man- 
ganese steel because of its toughness has a 
distinct advantage here and is generally 
accepted as the best material to withstand 
combinations of abrasion and heavy im- 
pact. Dynamite has been known to ex- 
plode inside the casing of a pump like 
those mentioned above, without cracking 
the manganese steel shell. 

Occasionally it will be claimed that a 


* The wear factors reported here are ratios of 
weight loss against annealed SAE1020 Steel. 
wt. loss of specimen 


Abrasion factor wt. loss of SAE1020 


The two materials are run in the grinding abra 
sion machine at the same time. 
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certain hard-facing overlay will protect 
manganese steel from abrasion long 
enough for it to work harden and develop 
its own wear resistance. Such statements 
reflect a lack of knowledge of manganese 
steel and its abrasion resistance, which 
under severe conditions changes little if 
any with work hardening. Also an over- 
lay that protects from wear will also tend 
to prevent work hardening. 

Practically, it is desirable to protect 
manganese steel from surface abrasion, 
since its salient advantage is toughness as a 
body of metal. Such protection will be 
most effective when well engineered, as 
described in ‘‘Hard Facing for Impact.’’® 
One of the best overlays for manganese 
steel is a carefully formulated martensitic 
iron, selected on the basis of abrasion 
tests and careful wear analysis in the field. 

Brittle overlays like composite tungsten 
carbide weld deposits,'® high chromium 
irons,® and martensitic irons* are not 
recommended for thicknesses over °/s in. 
If previous wear requires more weld metal 
to restore dimensions, the extra thickness 
should be built up with an austenitic steel 


electrode. 


FLOW RESISTANCE 


Plastic flow under impact is the first 
and chief evidence of wear in many ap- 
plications of manganese steel. Railway 
trackwork is the outstanding example 
Welding is done here primarily to restore 
the original dimensions after batter has 
hecome excessive. 

The resistance to flow of manganese 
steels is affected by composition. Carbon 
silicon, molybdenum, chromium and other 
elements can decrease flow, though usually 
at the expense of ductility. Chromium 
is probably the element most frequently 
employed for this purpose. Practically, 
the merit of chromium-manganese steel, 
as evidenced by field tests, is obscure. 
Favorable reports can be matched by 
those where it has provided no advantage 
over the standard grade. Some evidence 
indicates that the lowering of ductility 
by chromium is undesirable. 

When carbon is lowered in the electrode 
compositions, the result is decreased flow 
resistance (and yield strength, which is 
related). Nickel has practically no effect 
on vield strength and consequently the 
nickel-manganese weld deposits are lower 
in these properties than standard man- 
ganese steel. 

In contrast, molybdenum can raise 
vield strength and thus compensate for 
lower carbon, This appears on several 
tables herein, and the associated advan- 
tage in flow resistance under repeated im- 
pact has been shown graphically in a pre- 
vious publication,? where a 2% molyb- 
denum-manganese steel has about 20% 
less flow than a 3.5% nickel-manganese 
of practically the same carbon content, 
after the same total impact. 

This modest superiority of the molyb- 
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denum-manganese grade is the primary 
advantage in comparison with the earlier 
nickel-manganese type. It is important 
because the properties involved are closely 
related to many service requirements. 

Resistance to flow is rapidly improved 
by the work hardening of manganese steel 
under impact. The flow curves just re- 
ferred to’ show this nicely. Of interest to 
welders is the fact that the likelihood of 
embrittlement (from reheating) increases 
at the same time. Thus work-hardened 
metal is more likely to be damaged by 
welding heat. It is advisable to remove 
the work-hardened zone by grinding before 
welding. 


HEAT TREATMENT 


Standard manganese steel, containing 
about 1.15% carbon, is relatively brittle 
after casting or forging because of slow 
cooling. The brittleness is due to car- 
bide precipitation, austenite transforma- 
tion or both (as shown in Fig. 1). Before 
use it is toughened in the manufacturing 
plant by water quenching from above 
1800° F. During this treatment oxida- 
tion by furnace gases usually causes loss 
of some carbon and manganese in a thin 
surface layer. This is evidence by a 
magnetic and somewhat hardened skin 
after quenching. 

Except in a properly equipped plant it 
is inconvenient to heat treat weldments to 
obtain maximum toughness. Moreover, 
if the weld deposits contain defects such 
as cracks, oxidation of these can lead to 
more structural damage than would result 
from the combination of defects and weld- 
ing heat. Weld metal composition and 
welding techniques should minimize any 
need for reheat treatment. 

In the unusual case where manganese 
steel is gas welded, it is unlikely that 
reasonable toughness will be obtained 
without a subsequent heat treatment. If 
, it may be practical to 
heat the whole weldment to yellow heat 
and then to quench it in water, thereby 


the weld is sound 


restoring toughness. This procedure is 
not recommended for are welds because 
they are more likely to contain defects 
susceptible to penetrating oxidation. 


SLOW COOLING 


If postweld heat treatment is to be 
avoided the weld deposit should develop 
acceptable properties after relatively slow 
cooling. The contribution of low carbon 
and of some alloying elements to properties 
after slowly cooling cast test specimens in 
the mold is shown in Table 3. 

It will be noted that ductility, as ex- 
pressed by tensile elongation, rises as 
carbon decreases for the slowly cooled 
specimens, whereas it shows a reverse 
trend below 0.90% carbon for the tough- 
ened condition. At the same time the 
slowly cooled specimens show only a frac- 
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tion of the ultimate strength of the tough- 
ened conditions. 

Either nickel or molybdenum will in- 
crease the elongation and ultimate strength 
of the lower carbon ranges. This occurs 
for both rapid and slow cooling. Thus 


these elements contribute to inherent 
toughness. Quenching seems necessary to 


obtain it in full measure, but the 0.75- 
0.90% carbon range of both alloy grades 
develop good properties even when slowly 
cooled. The strength conferred by molyb- 
denum appears higher than that from 
nickel and this indicates a modest super- 
iority in toughness. At the same carbon 
level molybdenum carries the asset of a 
higher yield strength also. 

Manganese steel tensile properties are 
sensitive to the grain size of individual 
erystals, which in turn is controlled by 
cooling rates during solidification. 
Toughness is higher with small crystals 
from fast cooling. Where pairs of values 
appear in Tables 3 and 5 they reflect the 
difference when both coarse- and _ fine- 
grained specimens are produced from the 
same melt. 

Comparison of the cooling rates of weld 
deposits with those represented in Table 3 
is pertinent. The mold-cooled specimens 
require about 75 min to go from 2100 to 
600° F and have a rate of about 45° F 
per minute at 1600° F, and 12° F per 
minute at 1000° F. Only a few weld 
deposits will cool as slowly as this. The 
inherent properties of welds would, there- 
fore, be expected to lie between those of 
the slowly and rapidly cooled specimens 
in Table 3. The cooling rates of are 
welds under many conditions, for com- 
parison, may be found in a Welding Re- 
search Council report.'! The actual com- 
position of the deposited metal, as con- 
trasted with that of the electrode, must be 
taken into account when estimating 
properties from these data. Probable 
alloy losses are discussed later under 
Composition Changes. Properly formu- 
lated electrodes take into account alloy 
and composition changes with 
normal welding procedure, but since both 
electrode and deposit analyses may be 
quoted in descriptive literature, it is 
important to note which is given 


losses 


REHEATING EMBRITTLEMENT 


In manganese steel weldments there are 
three zones influenced by temperature: 
the bead, the underbead area and the base 
metal near the weld. The fusion zone 
and the bead itself cool from the molten 
state, and their properties (if they are free 
from defects) depend on the factors just 
discussed. Immediately under the bead 
the base is heated well into the austeni- 
tizing temperature range and its subse- 
quent properties also depend upon these 
factors. 

In the heat-affected zone further from 
the weld the base will be reheated to below 
the austenitizing range. (This status 
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Table 5—The Embrittlement of Cast Austenitic Manganese Steels by 48 Hr at 


Chemical composi- 
tion, % 


Heat No. C Mn Si 
44-038 1.31 12.9 0.33 = 
45-235 1.20 13.0 0.50 CG 
FG 
45-347 1.03 12.9 0.52 CG 
FG 
Ni 
45-262 1.17 13.7 0.53 3.5 CG 
FG 
45-495 0.84 12.5 0.48 3.46 CG 
FG 
Mo 
44-100 1.15 12.8 0.51 0.98 CG 
FG 
51-362 080 13.8 1.08 1.07 MG 


Toughened by water quenching from 2000° F 
Reheated 48 hr at 


—As-toughened—~ 800° F 
Ultimate Elonga- Ultimate Elonga- 
tensile tion, tensile tion, 
strength, % in strength, % in 
pst 2in pst 2in 
111,250 35.5 86,250 0 


134,500 96, 250 
110,000 49. 98,750 5 


108 , 750 39. 


1 
3 
99 , 500 2.0 
131,750 46. 2 


93,750 1 
1 


5 
5 
0 
129,400 48.0 
5 
0 109, 500 


112,500 
115,250 48.0 
106 , 250 49.5 


88,000 3.5 
90,000 4.5 
105,250 47.5 


121,750 60.0 127 ,000 65.0 
130,000 48.5 107,75 19.0 
138 ,000 49.0 108 , 250 23.0 
124,500 49.0 127 ,000 56.0 


CG = coarse grained. MG = medium grained. 


also applies to the earlier beads of a multi- 
pass or multilayer weld.) This creates a 
tendency to embrittlement by causing 
carbides to precipitate on crystal planes 
as well as grain boundaries (Fig. 1H). 
This embrittlement is speeded up by tem- 
perature; it may require 33 days at 
600° F, 2'/, hr at 800° F and only 5 min 
at 1100° F. It is accelerated if the man- 
ganese steel has been previously work 
hardened. In the extreme case a few 
minutes of careless welding can change 
the ductility of this heat-affected zone 
from perhaps the 40% elongation level 
down to less than one percent, exchanging 
the outstanding toughness of manganese 
steel for the brittleness and moderate 
strength of a good grade of gray cast iron. 
Of course, such embrittlement is not 
always followed by failure; cast-iron 
properties are good enough for many 
engineering uses. However, if the tough- 
ness of manganese steel is really needed, 
it is important not to destroy it by im- 
proper welding. Present good practice 
involves the use of temperature indicating 
crayons to warn against overheating. 
The zone '/s in. from the weld should not 
exceed 500° F. Even with this control 
the base metal between this point and the 
bead will suffer temperatures between 500 
and 2450° F for various times. Multi- 
pass welds will repeat the exposure to heat. 
The time factor is very important. 

As an example, a V butt weld between 
l-in. thick bars 5 in. wide requires about 
8 to 10 passes to fill a 110° groove.* 
Each pass used three 9-in. electrodes and 
the three consecutive beads required a 
total of about 3 to 3'/. min for deposition 
(140-150 amp, bare */j.-in. electrodes). 
Without peening, which was not used for 
this group, the entire weld required about 
30 min of actual welding time and near 
2 hr total, as each bead was fan cooled to 


* This procedure was used to obtain all-weld- 
metal tensile specimens. 
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FG = fine grained. 


below 400° F. After deposition each 
bead is visibly red hot for about one-half 
to two-thirds of its length. Thus some 
base metal is obviously heated up to 
about 1200° F for a maximum of perhaps 
15 to 20 min. This is likely to cause con- 
siderable embrittlement unless the man- 
ganese steel base is formulated for special 
resistance to reheating. 

Neither interpass cooling nor peening is 
popular with welders. The time they con- 
sume adds considerably to the cost of 
welding. There is a strong temptation to 
weld continuously, allowing the whole 
weldment to get red hot. This practice 
has not been recommended by manufac- 
turers, probably because it can lead to 
serious embrittlement, but there is a 
critical set of conditions where it may be 
satisfactory. With preheat (which is not 
usually advisable because of reheating 
embrittlement) combined with hot weld- 
ing, the thermal gradients that cause 
bead cracks are reduced and sounder welds 
may result. If the entire weldment is 
hot enough when welding is complete 
(above 1800° F is desirable), and if it is 
very quickly cooled by water quenching, 
there is a good chance of re-establishing 
the original tough austenitic structure. 
If the final temperature is too low, or if 
cooling is too slow, relatively brittle struc- 
tures will result. At what point the re- 
heated structures of the recommended 
practice are superior in toughness has not 
been established clearly. It should be 
recognized that this is primarily a base 
metal problem, though the early beads of a 
large weld are also involved. 

The lower carbon alloy modifications of 
manganese steel as used for electrodes are 
somewhat less affected by reheating than 
the standard grade (Table 5). For this 
reason they make a better, less sensitive 
base for welding. In a few cases the 
nickel-manganese type has been specified 
for trackwork and other castings. How- 
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Table 6—Composition Changes of Austenitic Manganese Steels During Arc Welding 


——Carbon, % 
Rod Deposit 


Range 0.62-1.04 0.51-0.86 
Avg. (n = 10) 
Est. std. dev. 


Range 0.72-0.87 0.41-0.71 
Avg. (n = 8) 
Est. std. dev. 


——Manganese, % 


Loss Rod Deposit Loss 
Bare electrodes 
12.6-15.0 10.0-14.1 
(n = 10) 


Coated electrodes 

12.8-14.3 9.2-13.8 ; 
0.23 (n = 8) 2.3 
0.06 0.88 


Silicon, % 
Rod Deposit Loss 


0.60-1. 56 0.35-1.11 
(n = 10) 


63-1.09 0.34-0.95 
(n = 8) 
0.20 


ever, the modifications have not been 
popular, probably because they cost more. 


COMPOSITION CHANGES DURING 
WELDING 


A comparison of analyses of electrode 
core wire vs. the matching deposited metal 
appears in Table 6. In round numbers it 
is indicated that about 0.20% carbon, 2% 
manganese and 0.3% silicon are lost during 
welding with bare electrodes, while the 
loss from coated electrodes is somewhat 
more. The standard deviations indicate 
the variability of these losses, which of 
course are controlled considerably by 
welding conditions. 

Nickel is not much affected by transfer 
across the are; practically 100% recovery 
ean be assumed. Molybdenum is also 
recovered efficiently under favorable condi- 
tions, losses ordinarily being below 5% 
of the original amount. 

The role of nitrogen is not clear. It 
may range from 0.02 to 0.06% in the elec- 
trodes, and several checks indicate that it 
about doubles in the weld deposit. Some 
early tests of manganese steel melts to 
which nitrogen was intentionally added 
gave no conclusive effects on_ tensile 
properties. Possibly it adds to the carbon 
effects, as might be expected. 


These data on changes are useful for the 
interpretation of the tabular data relating 
properties to composition in this paper. 


WELD DEFECTS 


Wherever toughness is at a premium the 
presence of weld defects such as slag in- 
clusions, incomplete fusion, gas holes, 
bead cracks, fissures or brittle structures 
can be a serious liability. Slag inclusions 
and incomplete fusion are in the hands of 
the welder and are not confined to man- 
ganese steel welds. Brittle martensitic 
structures may result from poor judgment 
in selecting materials and have been dis- 
cussed already (Fig. 1G). Gas and crack- 
ing can be related to both materials and 
welding techniques that merit further 
discussion. 

Some years ago an investigation began 
because field complaints of cracking could 
not be correlated with chemical analyses, 
plant welding tests or other quality con- 
trol procedures. Several factors related to 
cracking were tentatively identified only 
to have further work fail to substantiate 
their importance. 

As a laboratory stage of this investiga- 
tion a variety of currently available elec- 
trodes were used. These included all of 
the important commercially available 


types and served to demonstrate that the 
cracking and weld defect problem was 
common to the different manufacturers, 
though it may not have been clearly 
recognized, 

To standardize procedure a 3 to 3'/2- 
in.-long bead was laid on a 7/s-in. thick x 
2 x 4in. block of cast manganese steel. 
The deposits were cut longitudinally and 
etched to reveal bead cracks. It will be 
recognized that a simple bead on a small 
block is not a particularly severe test of 
cracking tendencies, 

Using this procedure the crack counts of 
154 welds, representing 33 different elec- 
trodes, were examined. The average 
number of cracks per electrode lot ranged 
from 0 to 34, with individual counts as 
high as 56. The range from repeated 
testing of a single electrode type was as 
high as 56 cracks, though usually it was 
not above the thirties. This group in- 
cluded a variety of bare and coated com- 
mercial electrodes, experimental composi- 
tions and coatings, and several inert- 
gas-shielded welds. The scatter bands 
shown by the range of crack counts for 
replicate specimens were so great that. 
valid conclusions could not be reached by 
comparing averages. It became obvious 
at this point that statistical procedures 
would be required. Such techniques re- 


Table 7—Cracks Observed in Austenitic Manganese Steel Weld Deposits 


Direct current manual are welding; duplicates randomized in welding order separately; stringer bead deposits on 7/s- x 2- x 4-in. 


blocks of Mn steel 


Rod Diam, - Chemical composition, ‘ 


Lot in. : Mn Si 
A 12.9 0.55 


B 12.6 0.84 
14.2 1.03 


D Ie 3.0 63 


78 
81 


5/39 96 3. 97 


Type Amp 
Cast 160 
160 

Drawn 160 
160 

Cast 160 
160 

Cast 160 
160 

Drawn 160 
160 

Cast 160 
160 

Drawn 160 
160 

Drawn 180 
180 

Cast 160 
160 

Cast 140 
160 


Observed bead cracks— 
Visible 
on Under- 
etched Visible Gas bead 
section uncul holes cracks 
0 
0 


Beads were approximately 1/, in. thick and */, in. wide, 0.20 + 0.03 in. above block. Crater areas not included in crack count. 
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quire randomization of specimen prepara- 
tion and testing to prevent the unsuspec- 
ted operation of systematic but unrecog- 
nized variables. 

A subsequent group of lot comparisons 
was made in duplicate, each replicate set 
being randomized separately. The crack 
counts were classified in more detail and 
gus porosity was also recorded. Part of 
this group is reported in Table 7 to show 
that many of the cracks would not be 
visible on the surface, to indicate the prev- 
alence of underbead cracks and to show 
the presence of gas porosity. 

There will be a temptation to draw con- 
clusions about relative merits of the allovs 
in Table 7. This should be avoided. 
Without involving the detailed mathe- 
matics of note 
that the average range (spread between the 
duplicate values) in Table 7 is 3.1 cracks. 
For pairs the estimated standard devia- 
tion is 3.1 X O89 = 2.75 cracks. The 
95% probable range about the average 
value is +2 std. deviations or 5.5 cracks. 
The overlap between the lowest average (3 
cracks) plus 5.5 and the highest 
cracks) minus 5.5, demonstrates that we 
are not justified in concluding that the 
observed differences are greater than could 
eceur by chance. The data may provide 
hints, but not proof. 

One hint involves the difference in crack 
count for the two welding current levels 
used for lot J. Another stems from dif- 
ferences in bead size from some of these 
It also seemed advisable to 


statistical comparisons, 


comparisons 
employ more replicates, and, since manual 
welding is « potential source of variation, 
to substitute automatic are length and 
traversing control. It was finally decided 
that automatie welding and instrumenta- 
tion together with statistical planning and 
evaluation of experiments would be re- 
quired to produce results that could be 
used with confidence. 


AUTOMATIC WELDING 
PROCEDURE FOR CRACKING 
STUDIES 


An Auto-Are welding head and controls 
were mounted on a rigid column where 
they could be positioned over a traversing 
table. The traversing mechanism was de- 
signed to provide stepless speed control 
that could be varied over a wide range or 
locked for constant speed. For the stand- 
ardized crack count tests it was used to 
apply a simple stringer bead at a constant 
rate with good control of bead geometry. 

The welding head was fitted with an 
improvised stick feeder attachment that 
permitted the use of ordinary bare and 
coated electrodes instead of coiled wire. 
The welding area was provided with 
guards against are radiation, one of which 
was fitted with a port and a projection 
lens. The lens projected the image of the 


are, considerably magnified, on a white 
screen where are length could be measured 
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and metal transfer conveniently observed. 


recording voltmeter, a recording 
wattmeter, an are short-circuit counter 
and an integrating meter for showing the 
average percentage of time that the are 
was extinguished were provided in addi- 
tion to the indicating voltmeter and am- 
meter on the Auto-Are control head. 
Provisions were made for checking the 
meters against laboratory standard cells 
by means of a precise voltage divider and 
a precision potentiometer. 

The Auto-Are head includes an a-c 
motor and a d-c motor. They are con- 
nected to feed rolls in such a way that they 
either work together or oppose each other, 
depending on the voltage fed to the field 
of the d-e motor from the are. If are volt- 
age (and therefore are length) rises above 
the control setting, the feed rolls will 
speed up and shorten the are. If the are 
voltage falls low the rolls will slow down 
or even reverse until the correct voltage is 
re-established, This operation tends to 
maintain approximately constant are 
length and voltage. Are current, which 
tends to remain approximately constant 
for a given generator setting, was regula- 
ted by the adjustment of the 300-amp 
motor generator. 

One feed roll was provided with a con- 
tact arm and a microswitch that ener- 
gized «a marking pen in the recording 
meters. Lach feed roll revolution made a 
reference mark on the time-voltage chart, 
from which it was easy to calculate burn- 
off rates. 

Blocks of cast and heat-treated man- 
ganese steel, 7/, x 2 x 3°/, in., were selected 
for erack counts. A> stringer bead was 
started on a separate lead block, con- 
tinued down the center of the 4-in. length 
and off the end on to a run-off block. This 
located the crater at the end of the bead 
on the extra block where it could not 
introduce a variable into the test area. 

After breaking off the lead and run-off 
blocks the 2-in. center part of the test 
block and bead were cut longitudinally 
through the center of the bead by an 
abrasive cutoff wheel. sections 
adjacent to the 2-in. center provided bead 
contour measurements, 

The cut faces were etched in 1:1 HCI 
at about 160° F, washed, dried and pro- 
jected at 2 X magnification on to a trac- 
The outline and the 
visible cracks were traced in ink. (This 
procedure was more satisfactory than 
photography.) The accuracy of the trac- 
ing was then checked by direct observa- 
tion of the etched face at higher magnifi- 
‘ation through a binocular microscope. 
Evidence of transverse bead cracks and 
gas porosity is provided by this method, 
but it is not a searching procedure for the 
latter. 


Cross 


ing paper screen. 


STATISTICAL METHODS 


The experiments were planned and 
executed in groups to permit valid calcula- 
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tions of the analysis of variance and the 
significance of the difference between 
means.'* This involved 
ach series two or three times and ran- 
domization of the order of welding and 
testing for each series.'"5 The are power 
plus bead size study and the rod vs. base 
block comparison were set up as factorial 
experiments.'' The studies 
usually lot comparisons. The statistical 
approach is invaluable because it provides 
estimates of experimental error that indi- 


replication of 


other were 


cate clearly how much confidence in the 
results is justified. 

The first experiment with full instru- 
mentation involved examination of are 
power and bead size effects with bare elec- 
trodes, 
transfer and are action, which was facili- 
tated by projecting the image of the are, 
revealed a changing pattern related to are 
length, as sketched in Fig. 8. The rela- 
tive smoothness of the mid-range action 
suggested that it might be optimum for 
welding so the experiment was planned to 
bracket this condition. The 
summarized in Table 8 and. significant 
trends appear in Fig. 9. The evidence 
contrasts sharply with the vague indica- 


Preliminary observation of metal 


data are 


tions of the preceding comparisons of 
electrodes, since the probability (column 
P) that the observed variations attributed 
to power and bead size are due to chance is 
less than one in twenty. An unexpected 
development is the association of the 
short, frequently short-circuited are with 
low crack counts. 

The instrumentation and nominal ma- 
chine settings* of welding generators are 
frequently unreliable. This makes the 
burn-off rate data especially valuable 
since they can be used as a good index of 
are power. The suggests 
strongly that burn-off rates below 12 in. 
per minute be employed to avoid bead 
cracking. Such rates are easily measured 
and when used with a short are and large 
beads promise considerable freedom from 


evidence 


weld bead cracks. 

A similar experiment with coated elec- 
trodes was made later, as detailed in 
Table 9. However, bead volume was not 
included as a variable. Traverse speed for 
each power level was adjusted to provide 
an approximately constant size, 
Obviously are power is a potent variable 
that affects the cracking tendency of 
coated electrode deposits as it does those 
from bare rods. Also, the coating in this 
case has not minimized cracking (compare 
the medium power data with the low 
power, small bead group in Table 8). It 
has operated to make low power welding 
easier and it lowers are voltage for a given 
generator setting. For comparable burn- 
off rates this particular coating offers no 
obvious advantage. This seems to justify 
the usual preference in the field for bare 


bead 


* The generator settings in the following tables 
(e.g.. NI95R) refer to the normal voltage- 
current adjustment (N), the nominal current 


setting, in amperes and the polarity (R = re- 
versed, with electrode positive). 
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Long globule action: Transfer is delayed 
too long. leaving solid electrode too far from 
deposit. Are may extinguish after globule 
transfers, but otherwise is stable. 


Smooth arc action: Bead-globule rela- 
tions are such that transfer is prompt when 
globule enlarges, but not premature. Low 
are outage. 


Erratic are action: Top of advancing 
bead is above molten globule, permit- 
ting bead turbulence to cause frequent 
short circuits and high percentage of 
are outage. 


Fig. 8 


Manganese steel arc weld metal transfer as observed with ° \s-in. diam bare electrodes and d-c motor generator 
(reversed polarity) 


4 

Table 8—Arc Power and Bead Size vs. Bead Cracking q 

A 3x 3x 2 factorial experiment, 18 welds; welding order of each replicate randomized ; 

Electrode: Bare */,.-in. diam. drawn Ni-Mn wire. 

Base: Cast, water-quenched blocks, 7/, x 2 x in. 
Chemical composition, % 

Mn Si Ni Cr S 

Electrode 0.79 13.04 1.00 4.03 0.22 0.041 0.010 


Base 1.13 12.76 0.57 0.038 


0.024 


Generator setting 
Average voltage. v 


Low power 
N165R 
29.4 


Average current, amp 130 


Medium power 


N195R 


High power 
N240R 
32.2 
219 
6.47 


Average power, kw 3.81 


Burn-off rate, in. per min. 12.76 20.75 


Bead cracks in etched 2-in. longitudinal section 
(and are short circuits per 2 in. of bead) 
Medium power 


Bead size 
Low power High power avgs 


Small beads 


cracks 0 and 1 
0.123 cu in.) avg 0.5 
(144 & 143) 


13 and 8 4.83 
10.5 
(107 & 73) 


and 3 
3.6 
Short circuits (141 & 143) 
Medium beads 
x-se¢t, —) cracks 0 and 0 0 and 0 
(3 155 cu in. / avg 0 ( 


(220 & 230) (142 & 155) (120 & 94) 


Short circuits 
Large beads 
x-sect. ae cracks 0 and 0 0 and 0 0 and 7 
(3 20 cuin./ avg 0 ( 3.5 
(367 & 286) (110 & 111) 


Short circuits (182 & 208) 


0.167 1.167 5.5 
Power level Avg: (235) (162) (103) 


Analysis of variance 
Sum of Mean 

squares square F ratio 
Are power 2 96.44 48 .22 
Bead volume 2 59.08 29.54 6.4 
Power volume interaction 4 33.58 8.40 1.96 
Experimental error 9 38.50 4.28 


Degrees of 


Variation source freedom 


Grand total 17 227 .60 
Revision lumping P X V with experimental error 
Are power 2 96 22 
Bead volume 2 5s 9.54 
Experimental error 13 72. 5.55 


Grand total 17 6 3.31 
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q 
// 
a 
31.0 
167 q 
5.15 
2 and 3 0.833 4 
1.167 

P 

0.01-0.001 

0.05-0.01 

0.20.1 
8.69 0.01-0.001 
5.32 0.05-0.01 


rods where build-up applications are in- 
volved. Casual inspection would rate 
the welds in this experiment as of good 
quality since all but a few of the cracks 
counted were small and did not reach the 
surface. They are considered no more 
serious than the underbead cracks that 
occur with all of the welds so far reported. 
These experimental results demonstrate 


clearly that are power and bead size must 
be closely controlled in any valid com- 
parisons of different electrodes. The next 
factorial test compared two lots of com- 
mercial bare electrodes on two base ma- 
terials. One base group was from a 
single carefully identified heat while the 
other group was from a bin where heats 
were mixed without marking, as was the 


Table 9—Arec Power vs. Bead Cracking for Coated Electrodes 


A 3 x 3 factorial experiment 9 welds; welding order of each replicate randomized 


Electrode: Coated */,-in. diam. drawn Ni-Mn wire. 
Base: Cast water-quenched blocks 7/, x 2 in. X 4 in. 
Chemical composition % 
Cc Mn Si Ni Cr P S 
Electrode 0.74 13.10 1.04 3.68 ies 0.044 0.013 
Base 1.15 12.55 0.85 0.49 0.059 0.016 
Low Medium High 
power power power 
Generator setting N125R N1I60R N195R 
Average voltage v 23.7 24.4 25.0 
Average current amp 103 143 190 
Average Power kw 2.43 3.48 4.75 
Average Burn-off rate in. per min. 7.68 10.21 12.70 
Average Arc outage, % 5, 14, 16 9,11, 10 7, 10, 11 
Average Short circuits per 2 in. 247 183 141 
Average traverse speed, in. per min. 2.45 3.88 6.13 
Average Bead x-sec. area, sq. in. 0.113 0.104 0.100 
Crack counts in 2-in. etched long section 
Individual 0,0, 2 35, 25, 29 40, 43, 47 
Avg. 0.667 29.7 43.3 
+1.0 std. dev. +0.943 +4.11 +8.50 


case with much of the earlier work. The 
test conditions were selected to be severe 
and to produce plenty of cracks. Each 
condition was replicated three times. 
The data appear in Table 10. 

Whenever averages are compared there 
is the possibility that the observed dif- 
ference is due to chance. For electrodes 
A and B there is more than a 20% proba- 
bility that this is true. The hint that A 
is better requires further proof. Even the 
conclusion that most of the variance is 
due to the base blocks has only something 
more than a 90% probability of being 
true, and this margin is not generally ac- 
cepted as good enough for engineering 
work. (The 95% probability, or P = 
0.05, is the usual minimum criterion for 
valid engineering conclusions.) How- 
ever, the apparent influence of the base 
metal was sufficient to make this an indi- 
cated variable in subsequent work. 


COMPARISON OF ELECTRODES 


The comparison procedures just de- 
scribed were subsequently used to evaluate 
many electrodes, most of which were 
experimental. This program will not be 
reported in detail here since the present 
paper is intended to cover current com- 
mercially available electrodes. However 
certain features that are significant in 
relation to cracking control justify empha- 


Base group D 


Reversed polarity. Control aim: 


in. high. 
Calculated % base metal in bead: 
Are voltage—31 + 1; current 


Range 


Base group C 

Base group D 
Average base group C 
Average base group D 
Average of both 


Preliminary 

assignable cause Degrees of 
of variation freedom 
Rods 1 
Bases 1 
Interaction 1 
Error 8 
Total 11 
Revised 
Bases 1 
Error 10 
Total 11 


Bead size: Avg—0.272 in. thick, 0.593 in. wide, 0.169 in. height above base. 


43.2-51.8%; 
168 + 4 amp; power 


Table 10—A Comparison of Electrodes and Bases on Cracking Tendencies of Austenitic Nickel-Manganese Welds 


Electrode: Bare 4/j.-in. diam drawn Ni-Mn wire 
Base: Cast, water-quenched blocks, 7/, x 2 x 33/4 in. 
——Chemical composition, % 
Cc Mn Si Ni r P 
Electrode A 0.79 13.04 1.00 4.03 0.22 0.041 
Electrode B 0.76 14.36 1.14 3.90 0.048 
Base group C 1.13 12.76 0.57 0.08 0.038 


miscellaneous, not identified 


Westinghouse Flexarc 300-amp unit set at normal—195 amp. 
5000-5500 w are power; 6.4 in. per min traverse speed. 
Range—0.26—0.28 in. thick, 0.56-0.63 in. wide, 0.16-0.18 


avg—47.6%. 
5.1-5.3 kw, avg 5250 w. 


Bead cracks in etched 2-in. longitudinal section 


Electrode A 
16, 5,10 


Electrode B 
23, 15, 14 


16, 25, 20 28, 18, 15 
10.3 17.3 
20.3 20.3 
15.3 18.9 
Analysis of variance 
Sum of 
squares Variance Ratio to error 
36.76 36.76 1.21 
126.76 126.76 4.18 
36.73 36.73 1.21 
242.67 30.33 
442.92 230.58 
126.76 126.76 4.01 
316.16 31.62 
442.92 158.38 


A 2x 2.x 3 factorial experiment, 12 welds; welding order of each replicate randomized 


Identification 


P 
Above 20% 
Below 10% 
Above 20% 


(P = 4.96 for 5% and 3.28 for 10% levels 
of probability that the apparent varia- 
bility due to bases is actually due to 
chance operation of experimental errors) 


Avery, Chapin—Manganese Electrodes 


Tue WELDING JOURNAL 


iy ; 
$1445 
R2569 
50-322 
i4 ‘ 
472 


Table 11—Comparison of Various Coated Manganese Steel Electrodes 


Welding order randomized separately for each replicate 


Welding generator: Normal—160 amp—reversed polarity setting. 
Conditions: 3.4 kw are power, 3.88 in. per min traverse speed, about 24 v, 140 amp. 


— | 
= 


Electrode 
R824 (rod) 
$3744 (deposit) 
R2569 (rod) 
R3168 (deposit) 
R2569 (rod) 
$2006 (nominal) 
R780 (rod) 
R1202 (rod) 
$4360 (nominal) 


om 


— Ot 


¢ 


Arc Burn-off, 


outage, 


Electrode 
$3744 
R2569 
R3168 
R2569 
$2006 
R780 
R1202 
$4360 


Chemical composition, %- — 


Si Ni Cr Mo P 
0.90 2.9 ie 0.047 
0.40 ; 0.046 
1.10 3.§ 26 0.048 


110 34 26 0.048* 
3.5 


0.093 
0.044 


Gas holes, 
% in. per min 
10.46 
7.11 
2.67 
62 
3.78 
01 
.16 
84 7.33 


Underbead Bead 
avg. in 2 wn. cracks cracks 


Bead cracks, 
avg 
6.33 

3.00 (bare) 
1.00 

2.33 (coated) 
2.33 

28.00 

31.67 

34.00 


« 


l 
2 
2 
2 


Short 
circuits 
per 2 in., 


* 0.043% P on a recheck. 


Bead size range: Width 0.045 to 0.68; height 0.08 to 0.23; thickness 0.14 to 0.30; 


sis, and part of the data to substantiate 
these conclusions will be included. 

Most of these data were part of lot 
comparisons in which from one to two 
dozen electrodes were welded in random 
order, in triplicate, each replicate being 
randomized separately. The test condi- 
tions conformed to those in Table 10 for 
bare and Table 11 for coated electrodes. 
It should be recognized that they are 
severe and that less cracking ordinarily is 
encountered in commercial welding unless 
the beads are severely stressed by thermal 


contraction against effective restraint. 


The coated electrodes in Table 11 came 
from five different sources. With two 
exceptions they do not seem to have mini- 
mized cracking. The two best, which are 
from two different manufacturers, are not 
significantly different (P = about 0.7), 
but there is a 90 to 95% probability that 
their apparent superiority over the others 
is not due to chance. There is a similar 
probability that the bare electrode is really 
better than the poorest coated lot, but 
any other comparisons within the poorer 
group are not. statistically significant. 
The relation between arc’short circuits 


T T T 


BEAD SECTIONS 
SMALL MEDIUM LARGE 


oo 


2 3 Inches 


ARC POWER, ETC 


VOLTS AMPS KW. BURN-OFF 
Low e294 130 38 128"/min 


MEDIUM 31.0 
HIGH 322 


Values are averages 
of Six items 


WELD BEAD 


INCH 


2i9 65 / 


CRACKS PER 2 


167 162° 


Fig 9 Apparent de- 
pendence of weld 
bead cracking on are 
power and bead size; 
te stringer beads made 
with bare */\s-in. 
diam austenitic 
nickel - manganese 
steel electrodes 


t 
2 3 
K 


ILOWATTS OF ARC POWER 
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volume 0.122 to 0.246 cu in. (2 in. length). 


and cracking shown in Table 8 does not 
appear to be confirmed in Table 11. 

Table 12 is a condensed summary of 
several lot comparisons of bare electrodes. 
One or both of the heats R2569 and $1445 
were included as standards in each lot. 
By this extensive replication it was finally 
possible to prove statistically that 51445 
is superior in crack resistance, even though 
casual comparisons on pairs of tests might 
show a reversed ranking. These were 
commercial nickel-manganese heats and 
provide a base line for judging other types. 

Three molybdenum-manganese and one 
copper-molybdenum-manganese heat in 
Table 12 were significantly superior to the 
nickel-manganese heat R2569. This 
should not be attributed to the molyb- 
denum as the molybdenum-manganese 
grades will not show a consistent statis- 
tical superiority. However, they are 
certainly not inferior in crack resistance, 
which is an important consideration in 
view of their advantages in yield strength 
and intrinsic toughness as shown in earlier 
sections of this paper. 

Carbon and phosphorus were included 
as variables in some of the molybdenum 
bearing rods. Some of these heats also 
appear in Table 4, which shows their ten- 
sile properties. Carbon does not have a 
clearly defined influence on bead cracking, 
but the 0.036% phosphorus level does 
appear significantly better than 0.045- 
0.050%. The same phosphorus effect 
has been confirmed with nickel-manganese 
electrodes and with heat 51-299 it is estab- 
lished without either nickel or molyb- 
denum. This heat is superior to the 
others shown and gave complete freedom 
from bead cracks in 31 out of 32 welds. 
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0.78 
0.55 
0.76 
0.70 
0.76 
; 
0.86 l 1.0 
0.74 1 1.0 3.7 
0.8 13 3.5 
Arc 
in. 
0.10 10 23, 9, 18 8 172 
0.08 5 2 2 2s 0, 0, 19 136 
0.14 19 27, 39, 25 19, 12, 8 260 
0.14 2 39, 26, 36 22, 13, 28 38 . 
0.07 4 3, 27, 17 26, 16, 25 41 
0.15 mT) 22, 16, 14 21, 12, 49 127 
0.12 12 4, 2,19 43, 26, 15 191 : 
0.08 13 9, 19, 13 24, 34, 37 208 
0.08 4 4,16, 5 49, 29, 24 60 g 
| 
| 
2 so lo 
+. ff, 
| 
| 


It seems likely that this phosphorus 
effect, operating erratically and unrecog- 
nized, may have been responsible for the 
¢laims made that other variables such as 
earbon, molybdenum or copper content 
have virtues in preventing cracks. It may 
also explain why austenitic stainless elec- 
trodes, which are characteristically lower 
in phosphorus than the available man- 
ganese steel electrodes, are sometimes pre- 
ferred when freedom from cracking is es- 
sential. 

The 2% molybdenum heat 50-227 pro- 
vides a pattern for a desirable electrode 
It is outstanding in crack 
resistance, and also has good yield 
strength. When deposited upon itself it 
was free of bead cracks and almost free of 
underbead cracking. 


composition. 


COMPARISONS OF BASE 
MATERIALS 


Table 12 also summarizes underbead 
cracking in some of the cast base alloys. 
Heat 51-209, which was tested as weld 
deposits on eleven base materials, as well 
as in base metal blocks, is unalloyed, but 
is quite low in phosphorus. Nickel and 
molybdenum were omitted intentionally 
to demonstrate that crack resistance is 
dependent on neither element. As a base 
it minimized cracks from the standard 
nickel-manganese and when 
welded upon itself it almost prevented 
underbead cracks. 

Two carbon levels of ordinary man- 
ganese steel were included in both rod 
Since grain size 


electrodes 


is a known variable in castings, specimens 
poured both hot and cold were in the latter. 
There is no clear difference in bead crack- 
ing that is related to carbon content of 
these rods. 

Since perhaps 40-50% of the fusion 
bead is contributed by the base upon which 
it is deposited, it is reasonable to expect 
some influence. With R2569 as the elee- 
trode, the merit of 0.85% vs. 1.27% carbon 
in the base is shown with a probability 
near 95%. Considering the similar pat- 
tern hinted by other data and the better 
tensile ductility after slow cooling afforded 
by low carbon (Table 3) the conclusion 
that weld area properties will be better if 
the base is below 1.0% carbon seems justi- 
fied. 

The base is expected to be particularly 


and base block groups. 


Table 12—Manganese Steel Weld Bead Crack Count Averages (Each Value Is the Average of Three Tests) 


Heat Chemical compositions, % 
No. c Mn Si Ni Cr Mo P Standards* 
R2569 0.76 14.36 1.14 3.90 0.26 0.048 31.34, 19.0°, 29.0%, 12.7", 17.76, 13.75, 25.3¢, 15.08 
R2569 0.76 14.36 1.14 3.90 0.26 0.048 25.0', 17.0%, 34.0), 2.74 
81445 0.79 13.04 1.00 4.03 0.22 0.041 9.0", 4.3°, 11.34, 0.7", 10.0%, 9.0%, 7.7° (letters refer to base 
compositions below. ) 
Unalloyed manganese steels 
51-299, 0.78 14.2 0.98 0.010 0.0 (on 83945 base) 0.0 (on 1607 base) 0.33 (on CG51-608 
base ) 
51-607 O.85 11.2 0.57 0.062 34.3 (on 83945 base) 37.3 (on CG51-607 base) 32.3 (on CG51-608 
base ) 
51-608 1.27 11.7 0.56 0.067 45.0 (on 83945 base) 30.0 (on CG51-608 base) 43.3 (on FG51-608 
base ) 
nickel-manganese steels 
49-418 0.69 12.68 0.72 3.51 0.07 0.049 14.7 (on 50-325 base) 11.0 (on 50-446 base) 
50-032 0.75 138.10 0.54 3.65 0.14 0.032 7.34 (on 50-325 base) 1.67 (on 50-032 base ) 
49-501 0.81 12.95 0.98 3.55 0.18 0.039 15.0 (on 50-325 base) 6.0 (on 4-903 base ) 
50-507 0.86 13.30 1.30 3.53 0.08 0.036 9.0 (on 50-325 base) 10.3 (on 50-507 base) 
1°, molybdenum- 
manganese steels— 
49-210 0.61 11.75 0.17 0.23 1.05 0.037 0.33 (on 50-455 base ) 
49-201 0.69 11.8 0.36 (Cu: 1.15) 0.583 0.036 0.57 (on 50-455 base ) 
49-282 0.88 11.6 O38 0.19 0.96 0.048 3.7 (on 50-455 base) 
50-553 O.89 14.1 0.50 0.99 0.041 38.0) (on 50-455 base ) 
- 2% molybdenum-manganese steels 
50-552 0.74 183.9 0.51 1.92 0.080 45.0 (on 50-455 base ) 
50-227 0.75 13.9 0.54 0.07 2.00 0.033 3.0* (on 50-455 base), 0.0%, 10°, 1.0°, 2.3", 2.04% 3.0% 
50-583 0.76 13.96 0.62 1.99 0.084 20.7 (on 50-455 base ) 
50-521 0.77 14.0 0.54 2.00 0.050 27.7 (on 50-455 base) 
50-558 0.79 14.4 0.61 2.00 0.079 35.0) (on 50-455 base ) 
50-545 0.90 13.9 0.58 1.79 0.066 30.7 (on 50-455 base) 
50-520 0.90 13.9 0.55 2.00 0.088 45.7 (on 50-455 base ) 
50-582 0.91 14.12 0.60 1.97 0.088 31.3 (on 50-455 base ) 
50-557 =60.93 «14.2. 0.61 1.95 0.045 27.0 (on 50-455 base ) 
Underbead cracks in some of the base metals 
- Avg underbead cracks in a 2-in. section 
(a) 51-299 0.63 14.2 0.93 0.010 10.0, 2.7 
(b) 51-607°0G 0.85 11.2 0.57 0.062 15.0, 13.0, 14.3 
(c) 51-607FG0.85 11.2 0.57 ‘ 0.062 37.7, 11.0 
(d) 50-325 1.11 12.92 0.58 0.05 0.037 6.3, 13.7, 16.7, 13.7, 2.7, 8.0, 10.7, 13.3, 17.3, 14.7 
(e) 50-322 1.13 12.76 0.57 0.06 0.038 4.3, 7.0, 7.3, 15.0 
(f) 83948 1.15 12.55 0.85 0.49 0.02 0.059 29.0, 32.3, 37.3, 34.3 
(g) 50-455 1.20 12.88 0.55 0.02 0.048 7.0, 10.7, 16.0, 19.0, 18.0, 12.7, 12.7 
(h) 50-464 1.10 12.55 0.62 0.04 0.038 
50-608 1.27 11.7 0.56 0.067 Coarse grained: 14.0, 16.3, 18.3; fine grained: 51.7, 75.5 
J) 50-563 0.75 13.0 0.66 3.47 0.045 10.0 
(k) 50-564 0.75 13.2 0.61 3.44 an 0.081 | 
(1) 50-032 0.75 13.10 0.54 3.65 0.14 .. 0.082 3.3 
50-446 0.84 12.93 0.57 3.49 0.08 0.038 
n) 50-507 0.86 13.30 1.30 3.53 0.08 0.036 6.7 
(o) 49-603 0.81 13.2 0.60 3.53 a a 17.3, 12.3, 10.7 
(p) 50-376 0.70 14.2 0.99 rm 1.10 0.025 16.0 
(q) 50-22; C7S 139 0.07 2.00 0.033 
(r) 50-362 0.80 13.8 1.07 a 1.10 0.018 18.7 


* At least one of these was included in each lot comparison group. 
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important in relation to underbead crack- 
ing, since the cracks reflect stress relief 
of the heat-affected zone during cooling 
from welding heat. Lot 51-299 shows a 
90-95% probable superiority to two of the 
nickel-manganese bases in underbead 
crack resistance and would likely be more 
clearly superior in other cases were it not 
for the bad scatter in the higher crack 
counts. The fine-grained 1.27% carbon 
composition (51-608) shows a significantly 
greater number of cracks than its coarse- 
grained companion. This should not be 
interpreted as inferiority; it probably only 
means that fine-grained steel presents more 
grain boundaries that can give way under 
welding stresses. Grain size is a variable 
that can 
crack counts. 

The practical significance of the under- 
bead cracking that has been shown here 
to be quite prevalent is not always clear. 
The prompt peening of the red hot weld 
bead that is generally recommended for 


seriously confuse underbead 


manganese steel should minimize them as 
(None of these test 
On the other hand, 


well as bead cracks. 
welds were peened.) 
even one crack presumably could lead to 
premature failure of a critically stressed 
part. Were it not for the inherent tough- 
ness of austenitic manganese steel, and its 
amazing ability to resist crack propaga- 
tion the prevalence of bead and under- 
bead cracks would probably have been 
more generally recognized. 

Tension is more likely to reveal the ad- 
verse effects of cracks than is compres- 
sion. Most manganese parts are stressed 
in compression on the wearing face. Test 
bars are an exception and cracks help ex- 
plain why the properties of welded speci- 
mens are below those of cast bars even 
where the latter have been slowly cooled, 
as detailed in the next section. 

By combining the benefits of alloving, 
low carbon and low phosphorus, it has 
been possible to make welds by the pro- 
cedures described here that are completely 
free from bead and underbead cracks, 
without Since the conditions 
are severe, such combinations offer prom- 


peening. 


ise of solving the problems of those who 
need even tougher manganese steel weld- 
ments. 


WELD DEPOSIT PROPERTIES 


There is some likelihood that a reader 
of the foregoing details will conclude that 
so many adverse factors tend to degrade 
the properties of manganese weldments 
that welding should be avoided. While 
perhaps valid, this conclusion is not prac- 
tical. 
weldments serve Many purposes and a 


Experience has proved that such 


considerable tonnage of these electrodes 
is used every year with satisfactory re- 
sults. 

Those who have used manganese steel 
electrodes have reached various conclu- 
sions about the adverse factors, as in the 


several patent disclosures. Danhier'® re- 
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cently featured the effect of phosphorus on 
cracking (confirming the quantitative 
data in this paper) in contrast to the 
earlier reported effeets of carbide precipi- 
tation and transformation embrittlement. 
There seems to be a strong tendency to 
blame or credit a single factor, as in the 
patents. Danhier'® also, for example, 
states that he has never found any indica- 
tion of carbide precipitation in the heat- 
affected zone of steels containing less than 
1.1% carbon,* and attributes poor proper- 
ties principally to the underbead microfis- 
sures, 


* Carbide precipitation has been observed by 
the authors even in low carbon manganese steels, 
but it is less serious. However, nearly all com 
mercial wrought or cast manganese steel carries 
more than 1.1% carbon. 


Fig. 10 


The fact that any one of the factors can 
dominate, but that they are likely to 
operate in combination, deserves empha- 
sis. One purpose of this paper is to pre- 
sent a balanced story that will lead to im- 
proved weldments. 

There is also a tendency to forget 
properties important from the service 
viewpoint and perhaps to depend too 
heavily on such conventional values as 
ultimate tensile strength and elongation. 
Yield strength and work hardening capac- 
ity are generally more important and may 
not be seriously affected by the usual ad- 
verse factors. 

It will be helpful to examine several 
weldments in detail. Figure 10 is a eross 
section of a welded manganese steel frog 


Cross sections of a failed trackwork weld (magnification: 7'/. X; 100 X 


for detailed photomicrographs); weld junction is traced in white to show that 
the main shear failure occurred chiefly in the base metal (reduced 20% in repro- 
duction) 


(A) Microscopic shear cracks under the running surface. 


(B) Crack in base metal that has been 


reaustenitized by the heat of welding. The crack here stops when it reaches tough weld metal. 
(C) Slip bands in the base metal that are evidence of work hardening before the weld was made. 
This structure is especially likely to be embrittled by reheating. 
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that has failed in service. Much plastic 
flow occurred, with shear failures on a 
gross as well as a microscopic scale. Over 
half of the main fracture plane is in base 
metal. It intersects two defects that ap- 
pear to be areas of incomplete fusion. 

The various cracks in the weld metal 
suggest that fissures were present after 
welding, but they do not appear responsi- 
ble for the main failure. It probably 
started at the voids on the weld junction 
and propagated chiefly through the heat- 
affected underbead zone a short distance 
from the junction. Carbide precipitation 
characteristically causes some loss of 
toughness here. Further, below the junc- 
tion more severe embrittlement is in evi- 
dence microscopically, but service stresses 
were apparently too low to cause cracking. 
Near the large defect in the center of the 
specimen a base metal crack that stopped 
when it reached tougher weld metal was 
found, 

Figure 11 shows an Auto-Are weld (no 
flux used) of bare °/s-in. diam 0.47% 
carbon, 2% molybdenum-manganese steel 
on a standard cast manganese steel base 
using 24 v, and 2.7 kw are power, reversed 
polarity and a traverse speed of 4.0 in. 
per minute. It has been etched to show 
the dendritic pattern of carbon segrega- 
tion in both weld and base metals. The 
weld metal is sound and free of precipita- 
ted carbide. The base shows underbead 
cracks and grain boundaries accentuated 
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by carbide precipitation. (Near the lower 
left some shrinkage porosity occurs.) 

Cracks such as these are not considered 
to be serious by themselves. They ordin- 
arily will progress only among embrittled 
grain boundaries, which places a premium 
on toughness of the base metal. Even 
with the amount of grain boundary carbide 
shown no trouble is expected unless gross 
tensile or shear stresses above the yield 
strength are imposed, which is unusual 
for the overlay and surfacing applications 
of manganese steel. 

Tensile test conditions are a different 
matter. Table 13 includes data from both 
butt welds and all-weld-metal specimens. 
Figure 12 is a section from a weld with 
bare 0.52% carbon, 1.70% molybdenum 
electrodes manually welded against rolled 
manganese steel plate 1 in. thick. The 
weld metal was intended for tensile test- 
ing but was found to contain too many 
voids for this. Its multiple pass make-up 
adapted it to sampling for temperature ef- 
fects, which are shown in the insets. 

The seriously heat-affected zone can be 
seen at low magnification and is magnified 
500 X in the two lower insets. Close to 
the junction both acicular and grain 
boundary carbides are prominent, indicat- 
ing serious embrittlement. 

Within the weld deposit, and especially 
near the bottom, carbide precipitation 
along grain boundaries is evident, con- 
trasting with relatively clean grain boun- 


Fig. 11 Bare electrode automatic arc-weld cross section Fig. 12 Structures develo 
showing grain boundary carbide precipitation in the base 
metal and underbead cracks (magnification: 25%; in- 
sets 500 X) (reduced 50% in reproduction) 
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daries near the top of the deposit. Each 
successive pass has contributed its reheat- 
ing effect to those made before, and some 
carbide has been released from solution 
despite the original relatively low value. 
Only the upper layers, which have had the 
least reheating, are relatively free from 
grain boundary carbide. 

Thus it may be seen that welding heat 
does affect even the low carbon, alloyed 
austenite of the deposited metal, though 
the effect on the higher carbon base metal 
is greater. This argues for keeping tem- 
perature as low as possible. However 
beyond a certain point incomplete fusion 
will result as shown at the edge of Fig. 13 
and in occasional areas of Fig. 12. In 
Fig. 13 both difficulties are shown to occur 
at the same time. With cast manganese 
steel embrittlement is usually less than in 
Fig. 13. The least damage to the base 
occurs when it is similar to the electrode 
compositions. Bars, rounds and flats of 
this type are commercially available and 
promise tougher assemblies than are 
usual with ordinary manganese steel filler 
bars and the like. 


AUTOMATIC WELDING 


Automatic welding, while having wide 
industrial utility, has several unfortunate 
limitations. It usually is done under a 
blanket of granulated flux, which prevents 
observation of the welding are and the de- 


in and near a multilayer 


weld with 0.52% C, 1.70% Mo manganese steel on a rolled 
manganese steel plate (*/\.-in. bare electrode) (magnifica- 
tion: 7°/, X; insets 500 <) (reduced 50% in reproduction) 
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The flux must be fed to 
the are area by special equipment and must 
be removed after welding. Directly over 
the bead it forms a fused slag, which re- 
quires crushing if it is to be reclaimed. 

Because the nickel and molybdenum 
manganese steels can be used satisfactorily 
as bare electrodes, they provide a unique 
advantage for automatic welding. Figure 
14A is the surface and Fig. 14B is the 
cross section of a bare wire automatic 
deposit, using an Auto-Are welding head. 
The deposit is comparable in quality to a 
manual weld with flux-coated electrodes, 
but offers a lower cost method of surfacing 
large areas. 

The steady heat input from automatic 
welding will damage a manganese steel 
base unless auxiliary cooling is provided. 
The base under the weld in Figs. 11 and 14 
was cooled with water which minimized 
damage to the underbead metal. The 
heat input from one side will also lead to 
stresses that tend to produce distortion. 
Unless restrained the weld bead side of the 
specimen like that of Fig. 14 will become 
concave after cooling. Control of this 
distortion becomes an individual problem 
for each job. Good welders are likely 


posited bead. 


x tv have a number of ways to deal with it. : 
The weldment shown in Fig. 11 repre- > 

sents automatic bare are deposition (5/32-in. ; 

rod, generator set for 150 amp, reverse a 

; polarity 24 v, 2.7 kw are power). : 

J The wide latitude in are power that is F 

é. associated with automatic welding of a 
tp mild steel is apparently not available with 
manganese steel. To little power may 

lead to incomplete fusion, a narrow, high : 

Fig. 13 Poor edge bonding, underbead tears and reheating embrittlement from bead being characteristic. Too much 
an arc weld (27 v, 4.0 kw) with bare */\-in. nickel-manganese electrodes on a : 
wrought manganese steel plate (magnification: 20 X; insets 250 <) : 


Table 13—Tensile Test Properties of Manganese Steel Arc Welds 


Manual welding with bare electrodes 


Elonga- Reduc- 


Ultimate tion tion 

Yield tensile in of Hard- 

Heat — Composition, %- ~ Test strength strength, 2 in. area, ness, 
No. C Mn Si Ni Cr Mo No. pst % % % Bhn } 
53,490 65, 160 11.5 16.6 
56, 100 70,540 5.0 7.7 
56,110 68 , 860 10.0 13.3 ; 
58,930 72,670 5.0 15.7 
Butt welds, joining cast and heat-treated 42,350 42,350 nil ; 
plates with nickel-manganese electrodes 56,300 64,010 6.0 14.9 : 
97,000 12.4 16.6 : 
81,750 10.3 10.3 
52,920 60 , 690 8.0 18.9 
53,130 76,640 11.5 12.3 : 
Butt welds joining manganese steel plates; : 
electrode composition 4 
0.66 12.45 0.20 tr 0.07 0.18 J774A 79, 400a 98,000 11.8 15.7 
r 0.66 12.45 0.20 tr 0.07 0.18 J774B 73, 900a 79,400 8.4 12.7 ; 
r 0.62 13.23 0.74 3.97 0.07 0.04 J786A 87 ,400a 97 ,000 12.4 16.6 ’ 
r 0.62 13.23 0.74 3.97 0.07 0.04 J786B 73,400a 81,750 10.3 10.3 3 
r 0.67 14.55 1.11 tr 0.07 1.04 J798A 71,100a 81,600 5.4 11.0 ; 
r 0.67 14.55 1.11 tr 0.07 1.04 J798B 62 ,600a 63 , 800 12.5 5.9 3 
r 0.81 15.02 0.62 0.23 0.02 (135 amp) U470 63 ,500a 79,000 8.5 11.5 187 | 
All-weld-metal specimens 
51-299d 0.63 12.80 0.63 (160 amp) U2000 60, 800e 82,200 10.0 17.4 223 ‘ 
51-299d 0.68 13.03 0.66 (150 amp) U2415 57,200a 84,400 13.0 10.4 217 ; 
W872r 0.75 14.04 0.55 0.10 0.04 1.98 (140 amp) W 1557 70,800e 106 , 500 18.0 20.2 196 : 

WS872r 0.75 14.04 0.55 0.10 0.04 1.98 (160 amp) W2302 67 ,500e 112,500 22.0 20.2 217 


Notes: “e’’ by yield strength indicates a precise 0.2% set value from an extensometer. ‘a’’ by yield strength indicates that it 
obtained by dial arrest method and is not precise. ‘“‘d’’ by heat number indicates chemical ionlhi sis of a weld deposit (see Table 12 
electrode heat analysis). ‘‘r’’ indicates a chemical analysis of rod samples. 
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(4) Top surface of single layer deposit on cast 
base block. (8B) Cross sections 5 and 2) > in. 
from the end of the weld deposit shown in (4). 


Fig. 14 Multiple bead automatic deposit of austenitic 149% manganese steel 

(0.789 C, 0.259% Cr, otherwise unalloyed) on standard cast manganese steel. 

The deposit was open arc welded (no flux blanket) by an inexperienced operator, 

using Auto-Arc equipment, */\«-in. diam coiled bare wire, and 4.2 kw arc power 

(reversed polarity, 200-amp generator setting). Note that the deposit is sound 
despite the absence of arc shielding 


Procedure Notes for Welding Manganese Steel 


Manganese steel is very tough, but it is difficult to retain this toughness after welding’ 
Experience and research have shown that the following procedures are helpful. 

1. Manganese steel weld metal should not be mixed with carbon or low alloy steels. 
The result is brittle metal that is likely to contain serious cracks. Electrodes containing 
from 0.060 to 0.90% carbon, over 13% manganese and either 3-4% nickel or 1-2% molyb- 
denum should be used for welding on manganese steel. If manganese steel is to be over- 
laid on carbon steel, separate them with a layer of austenitic stainless steel like Type 310 
(25% Cr:20% Ni). 

2. Manganese steel can be welded with austenitic stainless electrodes, but their use 
should be avoided if any flame cutting may be done later since they resist it very effectively. 
They are also comparatively expensive. Nickel or molybdenum manganese steel can be 
cut readily with an oxy-acetylene torch. ; 

3. Oxy-acetylene welding of manganese steel should be avoided. It is likely to cause 
marked embrittlement of the base metal. . 

The lowest possible are power should be employed. The limit is imposed by are 
instability and incomplete fusion bonding. For critical jobs experiment with scrap metal 
before proceeding. 

5. Generators supplying a high open-circuit voltage are preferred for ease in are 
striking. 

6. Reversed polarity direct current (the work should be negative) is preferred for both 
coated and bare rods. 

7. Small weld beads should be avoided. A bead with a large cross section is stronger 
and resists cracking better. This is particularly important for the root pass of butt welds. 

8. Deposition with a weaving, crescent motion is helpful in avoiding slag inclusions. 

9. Immediate peening of the red hot bead will minimize cracking, which is more 
common than is generally realized. Peening will also reduce warping. 
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power gives a wide flat bead with much 
mixing with the base; porosity is likely, 
while spatter and base metal heating are 
excessive. Around 175 amp for %/j¢-in. 
wire seems near the optimum range for a 
bare electrode and no flux. Some of the 
economy of automatic welding relates to 
high deposition rates attained by high are 
power. This can be expected to produce 
cracks as it does with manual welding. A 
flux blanket will permit making «a 
smoother, straighter bead, but it will not 
eliminate the cracking problem and causes 
greater heat build-up in the base. The 
use of manganese steel filler bars welded 
in place is better for efficient metal place- 
ment than high burn-off rates. 


WELDING DETAILS 


This paper includes a review of the 
metallurgical background for welding man- 
ganese steel and as such replaces an earlier 
bulletin that is out of print.'®  Litera- 
ture reviews on this subject were also pub- 
lished'? '8 some vears ago by the Welding 
Research Council. From all of these it is 
possible to compile a list of precautions 
and details that will aid practical welders. 
Most of these details have evolved from 
years of experience, but the effects of arc 
power and bead size on cracking are new 
and worthy of careful consideration. 


SUMMARY 


This paper has summarized the factors 
that influence the quality of 13% man- 
ganese steel weldments. It points out: 

1. The valuable properties of austeni- 
tic manganese steel. 

2. The virtue of carbon at levels below 
the standard cast and wrought 
specifications for maintaining 
toughness where slow cooling 
from welding temperatures rather 
than water quenching is involved. 

3. The value of proper alloying to 
maintain yield strength and 
toughness. 

4. The harmful changes that can occur 
in the heat-affected zone. 

5. The main causes of bead cracking, 
which are (a) excessive arc power, 
(b) insufficient bead size and (c) 
excessive phosphorus content. 

6. The conditions under which auto- 

matie are welding without a flux 

blanket are feasible. 

The need for care and understanding 
if the factors that degrade the 
toughness of manganese stee 
are to be held in check. 

8. A number of practical procedure 

hints that will aid in obtaining 
good weldments 
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10. Welding should be done with as little heating of the base metal as possible. Inter- 
mittent welding, water cooling of the base and the use of temperature indicating crayons 


(Tempilstiks) are helpful. 


_ 1. If several jobs can be done at the same time the deposition of an electrode on each 
in turn will permit better cooling. With only one job, skip welding is advisable. 

12. When a temperature indicator is available the zone '/. in. from the weld should 
not be allowed to exceed 500° F. It should be possible to hold a bare hand on the metal 


6 in. away. 


13. Any defective areas (sand inclusions, shrinkage porosity, slag, cracks and the like) 


should be removed before welding. 


14. In crack repair the entire crack should be burned or ground* out before welding 
and the end of the channel terminated with a hole or a generous fillet. This step requires 
care, since the end of the crack may be difficult to find. 

15. Wherever possible, work-hardened manganese steel should be removed before 
welding, as it is more susceptible to embrittlement than in the soft condition. Areas that 
cannot be easily indented with a center punch should be ground out. 

16. For abrasive conditions an overlay of a martensitic iron on manganese steel is ex- 


pected to improve wear resistance. 


* Grinding is advisable with trackwork. 


ence in the American Manganese Steel 
Division for many valuable observations 
and procedure details. W. A. George has 
been especially helpful with practical weld- 
ing knowledge, H. D. Sweeney and E. L. 
Wegerson with field observations and H. 
A, Fabert and C. I. Ridenour with metal- 
lurgical assistance. 

Consultation with R. H. Schaefer and 
J. A. Fellows of the American Brake Shoe 
Co. Research Center has also been very 
helpful. The welding skill of H. C. 
Satterlee has been invaluable during the 
test program. N. A. Matthews and R. 
(. Carruthers have helped by a careful 
review and criticism of the preliminary 
manuscript. 
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Discussion by T. E. 
Norman 


The authors’ paper provides us with a 
very substantial contribution to the metal- 
lurgy of austenitic manganese steel. We 
are particularly interested in the possible 
application of their findings to our own 


T. E. Norman is Metallurgical Engineer of the 
Climax Molybdenum Co., Denver, Colo. 


operations at Climax, Colo., where we 
use a considerable tonnage of this material 
in crusher liners. In these liners we have 
indications that some of the apparent 
wear is actually flow of metal away from 
the zones where the crushing stresses are 
most severe. The low vield strength of 
manganese steel is obviously responsible 
for this. Undoubtedly this tendeney to 
flow must also be considered in other 
wearing parts, including those which are 
rebuilt by manganese steel welding rod. 
The higher vield strength of the molyb- 
denum-manganese weldrod compositions 
studied by the authors should, therefore, 
contribute real and practical benefits 
especially where weld deposits are to be 
used to resist high compressive or tensile 
stresses, 

Another very interesting observation 
reported by the authors is that work-hard- 
ened manganese steel has ho better re- 
sistance to severe abrasive wear than the 
same composition without prior work 
hardening. This confirms our own ob- 
servations where we studied the wear of 


manganese steel grinding balls under vary- 


ing degrees of impact. We were surprised 
to find that with increasing degrees of 
impact, in a 3-ft-diam test mill, the austen- 
itie manganese balls actually wore faster 
and also had a higher abrasion factor, 
when compared to high carbon martensitic 
steel as a standard. 

If prior work hardening of manganese 
steel will not contribute to its wear resist- 
ance, it then appears desirable to investi- 
gate other means of prolonging the life of 
manganese steel wearing parts. As has 
been pointed out by the authors, one 
method of doing this is toapply hard-facing 
overlays. Recently some users of crusher 
liners have also been fairly successful in 
incorporating hard-facing alloys as filler 
materials in austenitic manganese steel 
built-up deposits. In either method, it 
seems most desirable to apply these de- 
posits to a base composition which will 
not be embrittled easily by the heat from 
the weld deposits. The authors’ studies 
have clearly indicated some of the steps 
which should be taken to avoid or reduce 
this embrittlement. They deserve our 
sincere commendation for a thorough job 
well done 


WELDABILITY OF STEELS 


An outstanding summary of current knowledge of the Weldability of Carbon & Low Alloy Steels 
prepared by Drs. R. D. Stout and W. D’Orville Doty under the direction of the Weldability Com- 
mittee of the Welding Research Council. 


Book of 381 pages including tables for welding ASTM, SAE, ABS and other specification 


Steels in all thicknesses. 


List Price $6.50. A 20% discount to members AWS. Limited Edition. Order your copy now! 


AMERICAN WELDING SOCIETY 
33 West 39th St. 
New York 18, N. Y. 
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Process 


by L. V. La Rou 


IESEL engine valves reclaimed by applying the 
Colmonoy Sprayweld process to coat worn seating 
surfaces with an impact and wear-resistant nickel- 
base alloy are outwearing new alloy steel valves 
in actual running tests in 800-hp Diesel freight engines 
on a southern railroad line. 

The coated valves, Fig. 1, showed practically no 
wear after 355 days operation in the railroad Diesel 
engine and were still serviceable. New alloy steel 
valves installed in the engine at the same time as the 
hard-faced valves, showed '/, in. wear on the seating 
surfaces and were completely worn out. The 355- 
day period is the equivalent of about 4000 hr of con- 


L. V. La Rou is Chief Engineer at Wall Colmonoy Corporation. 
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Fig. 1 A comparison of new and Spraywelded Diesel 
engine valves after 4000-hr operation in the same freight 
engine on a southern railroad line 


The new ger steel valve (left) | has worn % in. and is completely worn 
out. The C d valve (center) shows practically 
no wear and is still serviceable. The valve at the right, which has 
reclaimed by ees and grinding, shows the appearance of the 
center valve be installation. 


Diesel Engine Valves Reclaimed Sprayweld 
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Fig. 2 Applying the alloy coating by rotating the valve in 
front of a tool post mounted Spraywelder pistol 


tinuous operation. The valves have a 4 in. diam and 
are 13 in. long. 

The alloy, is applied to the worn valves by the three- 
step Sprayweld process at a cost of from one-third to 


one-half the price of a new valve. 


METHOD OF APPLYING WEARPROOF ALLOY 


In this process the worn valve seating area is first 
threaded along the tapered surface or gritblasted to 
provide the necessary mechanical bond for the sub- 
sequent metal spraying operation. 

Then the valve is chucked in an engine lathe or turn- 
ing fixture and rotated, Fig. 2, while the powdered alloy 
is applied by a Spraywelder pistol supported in a tool 
post holder. This pistol is connected through hoses 
to a wall or pedestal-mounted panel unit that supports 
a powder hopper, carburetor, air regulator, air filter 
and connections to oxy-acetylene tank and factory 
air supply lines. 
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Fig. 3 Fusing the sprayed-on nickel base alloy coating 
by rotating the valve under an oxy-acetylene flame 


After the alloy has been sprayed on the valve seating 
surface to a thickness that will provide a finish ground 
alloy thickness of 0.060 in., the pistol is swung away 
from the chucked valve. 


In the final step, the valve is rotated under an oxy- 
acetylene torch, Fig. 3, to fuse the nickel-base alloy 
coating to the base metal, thus providing a fusion 
bonded, non porous coating of wear- and impact-resist- 
ant alloy. 


The seating area is finished ground on a conventional 
external grinding machine before installation in an 
engine. 


NICKEL-BASE ALLOY CHARACTERISTICS 


The alloy applied to the Diesel engine valves is a 
nickel base alloy containing chromium and boron. It 
is nonmagnetic and has a Rockwell C hardness from 45 
to 50 and melts at 1950° F. The alloy has excel- 
lent impact, and corrosion resistance as well as ex- 
cellent red hardness. Its abrasion and galling resist- 
ant qualities are very good. It can be had in cast 
shapes as well as in powder and bare and coated welding 
rod form. 


Kelcaloy Transition Sections 


ERE, ready for a step in the complicated heat- 

treating required during their fabrication, are 

six out of a total order for 50 unique, bimetallic 

Kelealoy transition pieces manufacture by the 

M. W. Kellogg Co. for use in England on ultra high- 
temperature, high-pressure steam systems. 

They will be used to connect ferritic throttle valves 
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with austenitic steel main steam piping.* The pieces 
will be installed by Aiton & Co. Ltd. 

First use of such transition pieces was made by the 
Public Service Electric and Gas Co. of N. J. on four units 
in its Sewaren Station, which operates at 1050 F and 1500 
psig. The main steam piping at Hudson Avenue 
Station Annex of Consolidated Edison Co. of New York, 
and hook-up to the steam chest, while stainless, because it may be designed 


for thinner walls, is used for increased flexibility in the main steam piping. 
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operating under similar conditions, is also equipped 
with Kelealoy transition pieces. In both these in- 
stances, the pieces were used to connect chrome- 
molybdenum main steam piping with stainless steel 
throttle valves, contrary to the British practice where 
stainless steel piping and ferritic valves are used. 


The basic reason for the use of transition pieces lies 
in designer’s reluctance to join by a butt weld two 
metals of widely varying thermal coefficients of ex- 
pansion. The ferritie 2'/,%% chrome — 1% molyb- 
denum and the austenitic Type 347 steels have a 
difference of approximately 50°% in their thermal ex- 
pansion coefficients. 


need for 
This is 


The transition piece eliminates the 
welding these different materials together. 
accomplished by Kellogg's patented Kelcaloy process in 
which austenitic steel is integrally bonded to a ferritic 
chrome-molybdenum forging to provide a transition 
piece which is of the desired chrome-molybdenum steel! 
at one end, and austenitic stainless at the other, and 
having a central transition bond of controlled axial 
length. 

Following casting, the transition pieces are machined 
and bored to proper dimensions and heat treated. 
During these steps, they are inspected by such non- 
destructive test methods as liquid penetrant magnetic 
particle, ultrasonic and radiography. 


The new testing machine is located foot 


switch connected into the control 


Flash Welding Tubing 


lo Forgings 


N FABRICATING components — of 
| large aircraft landing gears, The 
Cleveland Pneumatic Tool Co. makes 
numerous parts by flash butt welding 
lengths of steel tubing to mating drop 
forgings. For quality control of such 
welded parts, the company proof-tests all 
of the welds. 

The size of such parts has been increased 
and the ease of testing large parts has been 
improved by recent installation of a 
1,000,000-Ib hydraulic testing machine 
built by Baldwin-Lima-Hamilton Corp. 
Fash butt welds with cross-sectional areas 
up to 67 sq in. and having diameters up to 
30 in. can be proof-tested in this floor- 
type testing machine. 

Flash-butt-welded parts are given bend- 
ing tests in four positions, using specially 
designed adjustable fixtures to hold the 
parts. For production testing, the fixture 
is used in one position for a series of tests 
of a group of parts, then it is re-set for the 
succeeding test. The landing gear piston 
being tested in the illustration is approxi- 
mately 10'/s in. outside diameter with 
‘yin. wall. The test is made after the 
excess flash has been removed and after 
heat treating, under loads up to 80% of the 
yield strength of the material. 

Production testing of welds in landing 
gear pistons is fully justified by the ad- 
vantages resulting from the use of flash 
butt welding in manufacture instead of 
making a one-piece forging. Not only is 
there a considerable saving in the size of 
the drop forging required and the amount 
of machine work necessary to fabricate 
the part, but the welding process permits 
use of smaller forging machines and dies. 
This permits the procurement of forgings 
from a larger number of sources of supply. 
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adjacent to the machine shop where the 
parts are finish machined after tests. 
Only the lower part of the 28-ft high ma- 
chine can be seen in the illustration. 
For tensional tests landing gear parts are 
handled on the next floor above. 

The testing machine is a standard 
Baldwin-Lima-Hamilton machine of the 
type that carries all loading and load 
measuring equipment on the sensitive 
crosshead and has no machinery under the 
floor. Special accessories include auto- 
matie controls on the Baldwin-Tate- 
Emery control and indicator cabinet to 
release the load when it reaches a pre- 
determined maximum or to hold the load 
for predetermined lengths of time. A 


cabinet permits the operator to hold the 
gate into the test area closed during the 
time load is applied. The operator is 
protected by two heavy screens that roll 
into position around the control cabinet 
on an overhead track. 


A clearance of 6 ft between columns 
gives all of the space required for test 
specimens and the fixtures in which they 
are mounted. Maximum vertical space 
for compression tests is 15'/, ft and for 
tension 14 ft. Loads can be 
applied up to 3'/s ipm. In addition to 


tests is 


the 1,000,000-Ib load range the indicator 
has three other scale ranges: 0-200,000, 
0-50,000 and 0-10,000 Ib. 


Large aircraft landing gear parts can be subjected here to loads up to 1,000,000 
lb for proof testing flash butt welds joining the cylindrical portion and the 
forged section of a landing gear part 
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activities 


related events 


President-Elect 


Joseph H. Humberstone 


Mr. Humberstone, Vice-President of 
Air Reduction Co., Ine., was born on Oct 
25, 1909, in Toledo, Ohio. In the vear 
1931 he obtained a degree of Bachelor of 
Metallurgical Engineering from Ohio 
State University. Immediately upon 
graduation, he was hired by General 
Electric as a Development Engineer and 
concerned himself with development activ- 
ity op coatings as applied to heavy covered 
metal-are welding electrodes. He was in 
charge of such development activities 
during most of his years with General 
Electric. 

In January 1939, when the Arcrods 
Corp. was formed, he was transferred and 
appointed Welding Engineer of that firm 
In this position he dealt specifically with 
applicatiogs of metal arc welding involving 
heavy covered electrodes. 

During World War II Mr. Humber- 
stone, on leave of absence from Arcrods, 
joined the War Metallurgy Committee 
of the National Research Council in the 
capacity of Research Supervisor of Weld- 
ing. After handling this assignment 
during the period of October 1942 to 
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March 1944, he returned to the Arcrods 
Corp. and assumed the duties of Director 
of Research and Welding Engineering 
He became successively Vice-President, 
President and Chairman of the Board. 

Toward the end of the vear 1948, Mr. 

Humberstone became associated with Air 
teduction «as Manager of Apparatus 
Production for the Air Reduction Sales 
Co. When, in January 1950, Air Reduc- 
tion Co., Ine., instituted a program of 
decentralization, Mr. Humberstone be- 
came President of the Airco Equipment 
Manufacturing Division. Late in 1951 
he was appointed Vice-President of Air 
Reduction Co., Inc., and relinquished his 
position as President of Airco Equipment 
Manufacturing Division. As Vice-Presi- 
dent of the parent organization he was 
given a new assignment in February 1953 
as President and General Manager of 
Ohio Chemical & Surgical Equipment Co., 
another Division of Airco, which is en- 
gaged in the manufacture and sale of 
medical gases and surgical equipment. 
He continues in both of these capacities 
with Air Reduction Co., Inc., and is still 
associated with Arcrods Corp. as Chair- 
man of the Board. 

Mr. Humberstone has been a member 
of the Socrery for over twenty years. 
He has served the AWS in many capa- 
cities—as a member of committees deal- 
ing with special problems requiring the 
attention of the Board of Directors as well 
as the technical affairs of the Soctery. 
He is peobably best known to most of us 
for his vears of service as a member and 
Chairman of the AWS-ASTM Filler 
Metal Committee. He was a_ District 
Vice-President, Director-at-Large and 
presently is First Vice-President of the 
Sociery. 

Mr. Humberstone is the author of many 
technical papers on metal-are welding 
electrodes and holds several patents on 
coating formulas and production methods 
in that field. 


Ist Vice-President Elect 
J. J. Chyle 


John J. Chyle graduated in Chemical 
Engineering from the University of 
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John J. Chyle 


Wisconsin in 1924. After working for one 
year at Smith Steel Foundry, Milwaukee, 
he joined the A. O. Smith Corp. as a 
chemist in the Production Laboratory. In 
1926 he was named head of Welding 
Electrode Research at A. O. Smith, and 
in 1937 he was appointed Director of 
Welding Research. 

Mr. Chyle has invented and patented 
a number of welding electrodes and weld- 
ing processes. The first extruded, all- 
position type of electrode was developed 
by him in 1927. This original electrode 
was of the cellulosic titanium dioxide type, 
which is now classified as the E6010 type. 

Special alloy electrodes for the welding 
of high-strength alloy steels were also 
developed by Mr. Chyle and used ex- 
tensively during World War II on aircraft 
landing gears, torpedo airflasks and 
bombs. Welding processes originated 
under his direction which included those 
for the welding of low-alloy high-tensile 
steels 

Mr. Chyle is active in technical com- 
mittees and in technical societies, includ- 
ing the AMERICAN WELDING SOCcIETY, 
American Society for Metals, American 
Society for Testing Metals and the Ameri- 
can Society of Mechanical Engineers. He 
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helped to organize the Milwaukee Section 
of the AMERICAN WELDING Society in 
1932 and was Secretary and Treasurer for 
about six years. In 1939 he was elected 
Vice-Chairman of the Milwaukee Section 
and was Chairman in 1940 and 1941. 

Mr. Chyle also served on many other 
committees, such as the Chairman of the 
Automotive Committee, a member of the 
Technical Activities Committee of the 
AMERICAN WELDING Society, plus many 
other committees of the AMERICAN WELD- 
ING Society. He also assisted in the 
preparation of many chapters of the 1950 
edition of the WELDING HANDBOOK. 

He was a director of the AMERICAN 
Society, elected for a period of 
three years, 1948-51. 

Some of his most recent talks were on 
“Practical Aspects of Welding Titanium 
Alloys” and “Factors in the Selection of 
Welding Processes; he also gave the 1951 
Adams Lecture which was entitled “The 
Welding of Copper by the Inert-Gas 
Metal-Are Process.” 

Mr. Chyle was recently elected as the 
2nd Vice-President of the AMERICAN 
Wetprine Soctety for a term of one year. 


2nd Vice-President Elect 


Clarence P. Sander is General Super- 
intendent, Vernon Plant, of Consolidated 
Western Steel Division of United States 
Steel Co. at Los Angeles, Calif. 

Mr. Sander was formerly with the 
Pacific Car & Foundry Co., Seattle, Wash., 
and Portland, Ore., in the Engineering 
Department, and Chief Estimator and 
later Assistant General Manager for many 
years, handling labor problems and 
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He joined the Western Pipe and Steel 
Co. in 1934 as General Superintendent of 
Shop Field-Operations, Southern 
Division, until it became a part of the 
Consolidated Western Steel. 

Mr. Sander is a graduate of Wilson’s 
College, Seattle, Wash., with postgraduate 
work in engineering at the University of 
Washington and the University of South- 
ern California. 

He has been a member of AWS for 20 
years, Sustaining Member since 1937; 
Past-Chairman of Los Angeles Section 


AWS; Vice-President Western District 
AWS 1946-47; Member of Welding 
Research Council, AWS; American 


Society of Metals and API, besides various 
social and civic clubs. 

His experience covers a broad field in 
welding such as railroad equipment, 
shipbuilding, pipe line, boilers, penstocks, 
pressure vessels, oil refinery installations, 
steel structures, tank and various other 
welded products. 


Directors at Large 


J. Lyell Wilson 


J. Lyell Wilson, Consulting Naval 
Architect and Engineer, was born May 
9, 1894, in Elizabeth, N. J. He graduated 
from Webb Institute of Naval Architecture 
1914 and is now a member of its Board of 
Trustees and its Educational Committee. 
He took postgraduate courses at Brooklyn 
Polytechnic Institute. His early train- 
ing includes positions as shipfitter and 
design draftsman in various shipyards 
and the U. 8S. Navy Department. He 
became Chief Engineer of Talbot Boiler 
and Engine Corp. 

A good part of his professional career 
was his affiliation with the American 
Bureau of Shipping. He started as a 
Surveyor in 1917 and became Assistant 
Chief Surveyor in 1927. From 1947 to 
1950, he held the title of Research 
Director. He left the Bureau in 1950 and 
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started a private consulting practice. He 
is a licensed professional engineer in the 
states of New York and New Jersey. 

Mr. Wilson has been very active in the 
AMERICAN WELDING Socrery and is a 
past-chairman of the New York Section 
of the Sociery. He is currently Chairman 
of the Technical Activities Committee o! 
the Soctery. In the past, he has served 
as Chairman of the Reserve Funds Com- 
mittee of the Sociery and the committee 
on Welding in Marine Construction. He 
is a member of many of the Technical 
Committees of the Socrery including 
Definitions and Chart, Filler Metal, 
Methods of Inspection, Standard Qualifi- 
cation Procedures and Metallizing. He 
has also presented a number of papers 
before the AMERICAN WeE.LpING Society 
and the Society of Naval Architects and 
Marine Engineers. Of the latter Society, 
he is past-chairman of the New York 
Metropolitan Section. He is an active 
member of ASTM and NFPA. 

He has had special assignments in- 
cluding Special Assistant to the Chief o! 
Ships during the fiseal year 1941 and a 
member of the Sub-Group on the Board 
to Investigate the Design and Construc- 
tion of Welded Merchant Vessels, sp- 
pointed by the Secretary of the Navy. 
He has assisted in the publication of « 
number of books, mainly in the Marine 
field. 


E. Donald Peters 


E. Donald Peters was born in Cleveland, 
Ohio, Feb. 7, 1916. He graduated from 
Case Institute of Technology in 1939 and 
joined the Cleveland Electric Illuminating 
Co. as Junior Engineer in the Construction 
Cost Department. From 1943 to 1946, 
he was connected with the U. 8. Naval 
Reserve as Ordnance and Gunnery Officer. 
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He left the Navy in 1946 and became 
Engineer of the Colonial Iron Works in 
Cleveland in Estimating and Design work. 
In 1950, he joined the Leader Iron Works, 
Inc., Decatur, as Executive Vice- 
President and Director of Sales. He 
became President and Treasurer of that 
company in 1952. Mr. Peters has been 
active in the affairs of the Socrery in- 
cluding vice-chairman and chairmanship 
of the Sangamon Valley Section. He 
was appointed Director of the Association 
of Commerce of Decatur in 1953. He 
has also been active in the Boy Scouts of 
America and is Vice-President of the 
Macon County District, Lincoln Trails 
Council. 


Ross P. Yarrow 


Ross P. Yarrow has been a resident of 
the city of Lyndhurst, Ohio, for the past 
17 vears and has been Councilman for 
12 years. Mr. Yarrow worked on all 
phases of Shop Fabricating from 1923 to 
1939, first with the Austin Co., and then 
with the Patterson & Leitch Gas Machin- 
ery Co., both of Cleveland. From 1939 


Ross P. Yarrow 


to the present time, he has been Super- 
intendent of three Divisions of the 
Consolidated Iron-Steel Manufacturing 
Co.; namely, Republic Structural Iron 
Works, Republic Welding & Flame 
Cutting Co. and Duplex and Ideal Hanger 
Co. He has been an active member of 
the Cleveland Section since 1939 and was 
Chairman of that Section for two terms, 
1944 and 1945. He was a member of the 
Executive Board of the Section for 8 
years. 


G. O. Hoglund 


G. O. Hoglund is a native of Milwaukee, 
Wis. He graduated from the University 
of Michigan in 1925 with a degree of 
Bachelor of Science. For the next two 
years, Mr. Hoglund worked in the Bureau 


G. O. Hoglund 


of Aeronautics, Navy Department, Wash- 
ington, D. C., designing airplane pro- 
pellers. His next position was at the 
Naval Air Station in Lakehurst, N. J., 
after which he went to the University of 
Minnesota where he served as Assistant 
Professor of Aeronautics from 1927 to 
1928. 

Mr. Hoglund became affiliated with the 
Aluminum Co. in 1928 and has been with 
them ever since. Some of the depart- 


These blocks or platens are 5 ft. 
x 5 ft. as shown and are made of 
cast semi-steel. They are very 
useful for many purposes such 
as for bending tables, layout, 
welding and assembly-work, etc. 
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ments with which he was affiliated are 
Central Metallurgical Division, Job Shop 
in Charge of Welding Procedures, and 
is now Head of the Jobbing Section of 
Aleoa Process Development Laboratories. 

Mr. Hoglund has made outstanding 
contributions to the progress of the 
aluminum industry including develop- 
ments of the techniques of resistance and 
are welding of aluminum. He also holds 
several brazing patents in this field in the 
United States, Canada, Great Britain 
and South Africa. Mr. Hoglund is 
author of a number of technical articles 
which have appeared in the SAE Journal, 
Mechanical Engineering and Tue 
inc JourNAL. Mr. Hoglund has been 
active in the affairs of the AMERICAN 
Soctery, including the Chair- 
manship of the Pittsburgh Section. He 
served for two years as District Vice- 
President of the Socrery and was Chair- 
man of the AWS Program Committee for 
a period of four years. He is now Chair- 
man of the Sub-Committee of Light Alloy 
Filler Metal and a member of the ASME 
Welding Subcommittee of the Boiler Code 
Committee. 

(EprrortaL Nore: Biography of Dis- 
trict Vice-Presidential Nominees will be 
included in a later issue.) 


AWS-ASTM Specification 


The “Tentative Specifications for Cop- 
per and Copper-Alloy Welding Electrodes,” 
ASTM Designation B225-53T, AWS De- 
signation A5.6-53T, has recently been re- 
vised and released in printed form for 
general use. 

This specification covers completely all 
chemical requirements, deposit mechanical 
properties, methods of testing, preheat and 
interpass temperatures, standard sizes, 
ete., for copper and copper-alloy elec- 
trodes for metal-are and the inert-gas con- 
sumable electrodes processes. The ap- 
pendix describes very thoroughly usability 
of the various electrodes. 

Single copies of this specification as well 
as the ‘“Tentative Specifications for Copper 
and Copper-Alloy Welding Rods,’”’ ASTM 
Designation B259-52T, AWS Designation 
A5.7-52T, can be obtained free of charge 
from Ampco Metal, Ine., 1745 8S. 38th 
St., Milwaukee, Wis. 
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Solar Promotions 


Recently promoted to welding engineers 
at Solar Aireraft Co., Des Moines, are 
Fred W. Martinson and Gerald E. Hart. 
Both graduates of Iowa State College, they 
started with Solar as process engineers. 


RWMA to Aid Worth-while 
University Researchers; Cancels 
Prize Contest 


The Resistance Welder Manufacturers’ 
Assn., Philadelphia, Pa., has announced 
the appropriation of funds for grants-in-aid 
to worth-while university researchers in 
order to secure basic information of value 
to the Resistance Welding Industry and to 
encourage the training of young men in 
Resistance Welding research. 

The first grant will be for research on the 
subject of “Spot-Weld Aluminum with 
Single-Phase, 60-Cycle Current.” 

In view of this new Research Program 
of the Association, the annual Prize Paper 
contest for papers on resistance welding 
will not be conducted in 1954. 

The Association has recently issued a 
number of new bulletins on various phases 
of resistance welding and several addi- 
tional ones are now in the process of being 
completed. Announcement of these will 
be made very shortly. 


Ultrasonics Applied to 
Aluminum 


Ultrasonic soldering of aluminum and 
ultrasonic treatment of molten aluminum 
were demonstrated by Aeroprojects, Inc. 
Representatives of the United States Air 
Force and of the aluminum industry were 
in West Chester, Pa., on Friday, Feb. 19th, 
to witness the demonstration. 

Aeroprojects showed how ultrasonics 
can assist fabricators to solder aluminum 
by production methods without the use of 
any flux. Soldered samples included are 
die castings, sand castings, sheet, wire and 
extruded aluminum. 

A great increase in corrosion resistance 
of soldered joints has been produced as a 
result of extensive research and develop- 
ment work done by Aeroprojects’ engi- 
neers. Means of obtaining minimum cor- 
rosion were explained. 

An important demonstration was made 
of the application of ultrasonics in the 
treatment of molten aluminum. Dltra- 
sonics remove gas pockets from the molten 
aluminum and refine the grain structure of 
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aluminum ingots. Many difficult’ engi- 
neering problems had to be overcome to 
produce a successful treatment, said J. 
Byron Jones, President of Aeroprojects, 
as he discussed the background of this 
project. 

Tremendous interest was shown in 
these new tools for the aluminum industry. 
The roster of persons and groups repre- 
sented at the meeting was quite extensive. 


A. O. Smith Appointments 


John W. Spoor has been appointed to 
the newly created post of Assistant Divi- 
sion Manager of the Welding Products 
Division of the A. O. Smith Corp. He is 
succeeded as General Sales Manager by 


Richard W. Raney. 


John W. Spoor 


Mr. Spoor went with A. O. Smith in 1948 
from the Brunswick-Balke-Collender Co. 
at Chicago, where he was assistant to the 
vice-president in charge of sales. He 
headed A. O. Smith’s Product Service 
Division at Chicago before taking over 
Welding Products sales responsibility. 

Formerly vice-president in charge of 
sales for Arms-Franklin Corp. at Youngs- 
town, Ohio, Mr. Raney joined A. O. Smith 
in 1952 and was named Assistant Division 
General Sales Manager in 1953. 

Erv A. Steidl, who was sales representa- 
tive for A. O. Smith industrial safety 
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R. W. Ramey 


grating in the Middle West during the 
past three years, now is the Welding Prod- 
ucts Division’s sales engineer for Wis- 
consin, 


Section of World’s Fastest Plane 
Built by Alcoa 


Two complicated sections of the world’s 
fastest plane were fabricated at Aluminum 
Company of America’s Jobbing Division 
at New Kensington, Pa. The sections 
consist of large tanks which are part of the 
rocket-powered Bell X-1A’s fuselage. One 
of the tanks contains alcohol and the other 
contains liquid oxygen. Welding and 
heat-treating problems were worked out by 
Bell Aircraft and Alcoa engineers. 


The Air Force X-1A recently set a new 
world speed record of more than 1600 
mph. The X-1A, of conventional straight 
wing configuration, is 35 ft 7 in. long, 10 
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ft 8 in. high and has a wing span of 28 ft. 
Fully fueled, it weighs 8 tons. 

Not intended to be a tactical airplane, 
the X-1A is a flying laboratory to investi- 
gate the aerodynamic effects of supersonic 
flight. 


An **Equity”’ to Another Corner 


of the World 


Another “Equity” Standard is on its 
way to service in another corner of the 
world. This time it is an “Equity” 
standard Twin Screw 45-ft tug, the Free- 
port by name, the place, the Port of Mon- 


= 


rovia, Liberia. “Equity” standards are 
serving in Venezuela; Saudi Arabi; 
Saigon, China; the Belgian Congo, 
Africa and elsewhere. 

This all-welded steel tug is powered by 
two General Motors series 4-71 Diesel 
engines with a 4'/.:1 reduction gear. 
She carries the highest classification of the 


HEAVY DUTY GEAR DRIVEN 
POSITIONING 
Model HD 25 shown 
2,500 Ibs. to 24,000 Ibs 
capacity 


American Bureau of Shipping for River 
and Harbor Service. 

The Freeport, whose dimensions are 45 
ft length, 12 ft 5 in. molded breadth and 
6 ft 10 in. depth, was fabricated at Equit- 
able’s Shipyard. 

Equitable Equipment Co., Inc., operates 
from its main office at 410 Camp St., New 
Orleans, with its yard located in Madison- 
ville, La. 


Architectural League Medal 


The Architectural League’s 1954 Gold 
Medal in Engineering for outstanding 
creative design work in engineering is 
awarded by Daniel Schwartzman, Presi- 
dent of the League, to Dr. Thomas C. 
Kavanagh (right), of the firm of Praeger- 
Kavanagh, Engineers, New York (also 
Professor and Chairman, Department of 
Civil Engineering, New York University). 
The award is shared with Camilo Piccone, 
Mexican engineer, and cites the design and 
erection of the Rio Blanco River Bridge 
near Vera Cruz, this structure comprising 
a basket-handle arch unique in the field of 
bridge architecture. * 

The League's Silver Medal was awarded 
to the firm of Hardesty & Hanover of New 
York for their design of the S. E. Fourth 
Avenue Bridge in Miami, Fla. Honorable 


* Paper published in the December 1953 issue of 
Tare Weroine 


mention citations were received by Arsham 
\mirikian, Member AWS, of Chevy 
Chase, Md., for the design of a precast con- 
crete warehouse, and by the firm of Par- 
sons, Brinckerhoff, Hall & Macdonald, of 
New York, for their design of the George 
P. Coleman Memorial Bridge over the 
York River, Va. The Gold Medal in 
architecture was awarded the firm = of 
Skidmore, Owings & Merrill of New York 
for their design of Lever House in New 


York. 


One Million Books on Welding! 


March 1954, marked the one millionth 
copy of the technical books on are welding 
that have been published and sold by The 
Lincoln Electric Co. and The James F. 
Lincoln Arc Welding Foundation of Cleve- 
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land, Ohio. The one millionth book was a 
copy of The Procedure Handbook of Arc 
Welding Design and Practice. The copy 
marking this milestone, inscribed and il- 
luminated, was presented to J. F. Lincoln, 
President of the Company, by A. F. Davis, 
Vice-President and Secretary, who has 
been responsible for this publishing activ- 
ity. 

The publication and distribution of 
technical books on welding have been the 
core of Lincoln’s educational activity to 
stimulate the development and application 
of the are welding process that dates back 
to 1917. Mr. Lincoln, in the early days 
of welding, recognized that it was going to 
be necessary to educate industry on the 
advantages of the welding process and how 
to use it. 

The books have covered all phases of 
welding: instruction, process science, ap- 
plication in industry and agriculture for 
fabricating and maintenance, mechanical 
and structural design. The Procedure 
Handbook is now in its ninth edition. New 
Lessons in Arc Welding, an instruction 
book, is in its third edition. Twenty-four 
different titles have been published. 

The books have been published and sold 
on a nonprofit basis as a service to in- 
dustry. The Company's book policy, 
paralleling its manufacturing policy, has 


been to make the best possible book avail- 
able at the lowest possible price. For ex- 


AT THE FRONTIERS OF PROGRESS YOU'LL FIND 


FOR WELDING AND 
CUTTING. . 


IN THE 
RED DRUM 


HIGHEST 
QUALITY 


DUST-FREE 


Write for the name and address 
of the NATIONAL CARBIDE supplier nearest you. 


National Carbide Company 
GENERAL OFFICES: 60 EAST 42ND STREET, NEW YORK 17, N. Y. 
A DIVISION OF AIR REDUCTION COMPANY, INCORPORATED 
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J. F. Lincoln, President of The Lincoln Electric Co., receives an illuminated and 
inscribed copy of **The Procedure Handbook of Arc Welding Design and Practice” 
from A. F. Davis, Vice-President and Secretary 


ample, the 1330 page Handbook, sells for 
only $2.00. 


“Bren/Weld” Sales Division 


Kasson Die & Motor Corp., 32-14 
Northern Blvd., Long Island City 1, N. Y., 
announces it is now the sales division for 
Brennen, Bucci & Weber Co., New York, 
manufacturers of ““Bren/Weld”’ industrial! 
welding equipment. 

The company will be ready shortly to 
launch a full line of butt, are and spot 
welders, incorporating a number of new 
ideas and engineering principles not here- 
tofore seen in equipment of this type. 
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Left to right: 


W. R. Stevens, Sales 


Manager, Welding Division, Henry 


Harnischfeger, Executive Vice-President, M. O. Monsler, General Manager, 
Welding Division and B. Germischausen, in charge of display for the Harnisch- 
feger Corp., and the driver, Lyle Prodell 


Traveling Exhibit 


Through means of a traveling exhibit 
which will go to 18 major cities, the Har- 
nischfeger Corp., Milwaukee 46, Wis., will 
display and demonstrate what they claim 
is a revolutionary new line of P&H welding 
machines that incorporate many ‘‘firsts’’ 
in the welding field. 
several new types of electrodes, as well as a 


They will also show 


working model of a P&H welding posi- 
tioner. The day preceding the exhibit 
will be devoted to a sales school for P&H 
distributors and their selling staffs. 

The units to be exhibited include an en- 
tirely new a-c, d-c machine designated as 
the DA-200. The company claims that 
this is the first welder of its type ever of- 
fered, since it provides either ac or de 
simply by throwing a switch. It is also de- 
signed to be used with single-phase power 
source. 

Two new gasoline-driven are welders, 
the WN-150 and WN-250, will also be dis- 
played. The 150 is a compact unit pow- 
ered by a powerful two-cylinder Wisconsin 
engine. The 250 is also entirely new and 
has, according to the company, a highly 
advanced arrangement of motor, genera- 
tor, power take-off and idling device. 

Another new unit in the P&H welding 
line that will be displayed is the DC-400 
a 400-amp d-c rectifier welder. Features 
of this welder are said to include economy, 
silent operation, balanced-line loading and 
instantaneous remote control. 

P&H also claims a “‘first’”’ with their new 
TI-295 welder which will be on display for 
the first time. This unit has a top am- 
perage of 300 and an open-circuit voltage 
of 75. Designed as an inexpensive, low- 
input intermittent welder, the unit is said 
to have all the advantages of a heavy-duty 
machine. It permits welding with low- 
hydrogen and stainless-steel electrodes. 

This exhibition will be the first. public 
showing of the CP-500-DC—a new, con- 
stant-potential d-c power source. The 
unit is designed to replace present rotating 
constant potential d-c equipment. An- 
other unit in the making is a power source 
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for submerged are welding and for inert- 
gas, continuous-wire-feed welding guns. 

The exhibition will also include actual 
welding demonstrations with three new 
high-speed “iron-powder’” coating elec- 
trodes. These include the DH-4, a cut- 
ting and gouging rod; the DH-5, a single- 
pass heavy fillet rod; and the DH-6, a 
medium penetrating electrode that oper- 
ates equally well in all positions. 

Further information about the exhibi- 
tion and the new machines may be ob- 
tained from The Harnischfeger Corp., 


Milwaukee 46, Wis. 


What fire crackers? We mean 
those welding and cutting to.ches 
that keep popping—back-firing— 
burning out valve seats. Did you 
know that the ingenious new Smith 
““FLO-TROL” prevents reverse flow 
of acetylene— protects torch against 
backfire and burned out seats? 


Write us a card... NOWI 


SsMIT WELDING EQUIPMENT 


CORPORATION 
Dept. \W/J-81, 2633 S.E. 4th St., Minneapolis, Minn. 
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HERE, at last, is a catalog de- 
signed for a busy man to use 
—good, clear illustrations with 
contours and dimensions plain- 
ly shown—well-organized list- 
ings with prices right alongside 
the specifications. 

Nearly 700 resistance weld- 
ing electrodes are listed for 
almost any welding job. The 
catalog also lists water-cooled 
holders of every style and size, 
seam welding wheels, alloy rod 
and bar stock. 

If you do resistance weld- 
ing, you need this book. Write 


for your free copy today. 


WW ALLOYS, INC. 


42802A 


Division of Fanstee! Metallurgical Corporation 
11644 Cloverdale Ave. + Detroit 4, Michigan 
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Seamless Tubing for High 
Temperature Applications 


An alloy steel, designed for use in equip- 
ment operating under conditions involving 
high stresses and temperatures, is now 
commercially available in seamless tubu- 
lar form, according to an announcement 
made recently by the Tubular Products 
Division of the Babcock & Wilcox Co., 
Beaver Falls, Pa. 


Impact Tests of Welded 
Austenitic Stainless Steels 


Impact data from tests at room tempera- 
ture,— 105 and —320° F of various types 
of stainless steel plate material and weld 
metal permit comparison of the effect of 
weld rods of different analyses and the ef- 
fect of heat treatments. The weld metals 
tested included AISI Types 301, 302, 304, 
308, 310, 316, 317, 318 and 347 (the last 
with both lime and titania coated elec- 
trodes). International Nickel Co., Ine., 
New York 5, N. Y., Bulletin A-165, 2 
pages. 


Eutectic Develops New Bronze 
Electrode 


A highly versatile “Bronzochrom” elec- 
trode, EuteeTrode 1850, has 
veloped for high strength joining and for 
frictional and corrosion resistance on a 
wide variety of base metals by the Eutectic 
Welding Alloys Corp. 

The electrode produces copper base de- 
posits alloyed with silicon, manganese and 
chromium, ete., which 
strength and give additional resistance to 
wear and corrosion. Hardness de- 
posited is 130-140 Bhn and this can be in- 
creased by cold working to 230-240 Bhn. 

The special formulated flux coating with 
its strictly controlled rate of disintegration 
restores to the deposit elements lost across 
the are. The weld metal, as deposited, 
thus contains the elements and manifests 
the desirable properties required to give 
the necessary strength and resistance to 


been de- 


increase tensile 


operating conditions. 

The electrode is recommended for join- 
ing and overlaying steel, cast iron and cop- 
per alloys. It is excellent for the various 
combinations of ferrous and nonferrous 
metals including stainless steel, nickel and 
nickel alloys. It is claimed to be harder 
and five times as rapid to apply as con- 
ventional bronze brazing rods. It is non- 
cracking, fully machinable, 


minimizes 


490 


warpage and distortion of the parent 
metal, gives twice the wear resistance of 
phosphor bronze and has a tensile strength 
up to 90,000 psi according to the base 
metal upon which it is used. The speed of 
application is phenomenal and no special 
skill is required to produce sound homo- 
geneous welds. 

For further information write Eutectic 
Welding Alloys Corp., 40-40 172nd St., 
Flushing 58, N. Y., for free explanatory 
leaflet TIS 2190. 


Wandering **Pigs*’ Fenced In 


The nation’s vast network of natural 
gas transmission lines are regularly cleaned 
out for if foreign matter were allowed to 
accumulate in them, flow rates would be 
reduced and possibly operating troubles 
might Mechanical “pigs” of 
various types are emploved for cleaning 
purposes. They are inserted at launching 
stations and recovered in traps spaced at 
intervals of 20.30 miles. The pigs travel 
at speeds up to 30 mph, moved along by 


develop. 


Alignment bars in special Tube-Turn 
tees keep “pigs’’ from making detours 


pressures of 5-6 psi. Difficulties fre- 
quently arise when the pigs reach side out- 
lets or branches, which they have an in- 
clination to enter. Pigs of the compressed 
wire-brush type may be seriously damaged 
at these points. To aid pipeliners in solv- 
ing the irksome problem of wandering 
pigs, Tube Turns, Louisville, Ky., has 
made available a Tube-Turn tee equipped 
with alignment bars. The bars are made 
from heavy wall pipe and shaped to pro- 
vide flexibility. They follow the elastic 
movement of the tee as pressure is ap- 
plied, and there is no tendency to break 
attachment welds. 

The tee equipped with 
“special,”” but can be supplied for pipe- 
line applications on reasonable notice. 

Tube Turns also furnishes the elbows, 
reducers and other fittings required in the 


bars is a 


New Products 


construction of pig launching stations and 
traps. 

Tube Turns is a division of the National 
Cylinder Gas Co., Chicago. 


Cutting Attachments and Gas 
Mixer 


Air Reduction announced the avail- 
ability of new cutting attachments and a 
new jet-tvype mixer which greatly extend 
the cutting, welding and heating range of 
the Airco Style 800 general purpose oxy- 


acetylene torch. 


STYLE 2600 CUTTING ATTACHMENT 


The new jet mixer handles all welding 
and heating tip sizes with complete flame 
stability. Sputtering, popping and flash- 
back are minimized as a result of the mod- 
ern design features built into this mixer. 
Rubber sealing rings provide a gastight 
seal with hand tightening; no wrench is 
needed, thereby saving valuable time for 
tip changes. 

The new cutting attachments, known as 
Airco Styles 1800 (medium duty ) and 2800 
(heavy duty) provide added versatility 
and cutting range to the Airco 800 torch. 
The Style 1800 cuts steel up to 6 in. thick 
and the Style 2800 cuts steel up to 8 in. 
thick. Standard Airco cutting tips, any 
one of the tips designed for the Styles 
3000 and 9000 hand-cutting torches, may 
be used with the attachments. Conse- 
quently, the Style 800 torch, equipped 
with the heavy-duty cutting attachment, 
can now handle a wide variety of cutting 
and gouging operations not normally pos- 
sible with a cutting attachment. The new 
attachments use a diaphragm-type valve 
for the control of cutting oxygen. This 
valve completely prevents gas leakage and 
eliminates the need for valve packing. 

Both attachments are finely balanced 
tools for operator ease and are ruggedly 
constructed of heavy forgings in both the 
heads and bodies. The rubber gas sealing 
rings provide a firm gastight seal. The 
mixer in the cutting attachment can be re- 
moved easily for cleaning or replacement, 
if necessary. 

For further information, request a copy 
of ADC 837 by writing to Air Reduction 
Magnolia Co., PO Box 319, Houston, 
Tex. 
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The complete Line FOR ALL YOUR NEEDS 


ve CAN specify TuUBE-TURN Welding Fittings and Flanges and know 
that you will get the exact answer to your specific piping problem. This 
leading line includes more than 4,000 items, in all piping materials... 
carbon steels, non-ferrous metals and alloys . .. schedules and sizes to 
match your design. 

Carbon steel elbows, for example, are available from 4” to 42’” 
diameter. Your nearby Tube Turns’ Distributor provides this complete 
line promptly and backs it up with the thorough Engineering Service 
and how-to-do-it information of Tube Turns: 


The Leading Manufacturer of Welding Fittings and Flanges 


¢ KENTUCKY 


A Division of National Cylinder Gas Company 
DISTRICT OFFICES: NewYork Philadelphia + Pittsburgh Cleveland + Telede Chicege Denver Les Angeles 
Son Francisce © Seattle Ationta Tulsa Houston Dallas Midlend, Texes 
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Here’s Sowice 
to help you solve 
your piping problems 


g pen TURNS’ Engineering Service Division makes 
available a vast fund of experience for the 
solving of design and operating problems in piping. 
For example: 

An engine builder was fabricating manifolds from 
formed plate. Poor fitup was a problem and costs 
were excessive. Tube Turns’ engineers suggested 
using TUBE-TURN Welding Returns, cut with tem- 
plates as shown in the sketch. Costs came down. 
The dimensional uniformity of TuBE-TuRN Weld- 
ing Returns and Elbows simplifies fabrication jobs 
such as this because they can be cut to odd angles 
and adapted to special requirements. 


TUBE TURNS IS AT YOUR SERVICE! 


SECTION OF B CYL . 
DIESEL ENGINE AIR 
MANIFOLD SHOWING 
“SEGMENTS OF TUBE- 
ELBOWS USED 
‘AS INLETS 


Header connection design problem solved by 
Tube Turns’ Engineering Service. 


TUBE TURNS, Dept. O-3 
224 East Broadway, Lovisville 1, Kentucky 


Please send me free copy of Pipe and Fittings Materials. 
Named 


YOUR NEEDS in welding fittings and flanges are met promptly 
by your Tube Turns’ Distributor. This one reliable source can 
fill all your requirements from the world’s most complete line of 
welding fittings and flanges comprising more than 4,000 items. 


MANY USES. Piping in this modern edible oil plant conveys natural 
gas, hydrogen, oil, steam, cooling water, refrigerants, air and 
vegetable oil. All critical lines are welded and TUBE-TURN 
Welding Fittings are used for directional changes. Pipe sizes 
vary from 2” to 16”. 


DISTRICT OFFICES 


New York San Francisco 

Philadelphia Seattle 

Cleveland Atlanta 

Chicago Tulsa 

Denver Houston 

Los Angeles Dallas 
Midland, Texas 


” 
and “TUBE -TURN” 
Reg. U. S. Pat. Off. 


TUBE TURNS 


LOUISVILLE 1, KENTUCKY 
A DIVISION OF NATIONAL CYLINDER GAS COMPANY 
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Bench Model Welding 
Turntable 


The latest in precision welding posi- 
tioners is this Aircrafter Bench Model 
Turntable which can be adjusted to hold 
work in any position desired, from hori- 
zontal to vertical, The Aircrafter Turn- 
table provides smooth stepless speed 
change from 0 to 7 rpm or a greater speed 
ratio, if desired, is obtained by a gear 
change at slight additional cost. 

Although primarily designed for Heliare 
and precision aircraft type welding it will, 
if work is properly balanced, carry a 100- 
Ib load. Many aircraft companies are 
now using the Aircrafter Welding Turn- 
table and find it reduces rejects and in- 


Aircrafter Bench Model Welding posi- 
tioner and Turntable shown in hori- 
zontal position with foot control. 
Rheostat gives variable speed control 
from 0 to 7 rpm 


odic resetting. 


A COMPLETE LINE OF CARBON WELDING SUPPLIES including carbon 
end graphite electrodes, carbon rods and plates, welding paste, etc. 


Write for catalog. 


3450 52rd Ave. 


May 1954 


Designed to carry the high currents necessary for intense heal, 
BBB Keen-Arc Carbons produce a fine-grained weld of high 
tensile strength. They give a smooth, steady “flowing” flame 
which does not wander and which is concentrated at the desired 
focal point. Flame temperature is easily and accurately adjusted 
by merely changing the ampere input, and heavy copper coating 
permits gripping at extreme ends—eliminates frequent and peri- 


BECKER BROTHERS CARBON { 


Cicero 5 


creases output up to 25% while enabling 
the worker to turn out much better welds. 
Can be used for Heliarc, are or gas welding 
as well as brazing and soldering. 

The complete Aircrafter Welding Turn- 
table weighs only 20 lb and can be easily 
placed anywhere in the shop. The turn- 
table, itself, is 7 in. in diameter and speed 
is set by a rheostat with a foot-control 
switch for “‘on and off” or ratio control. 

The Aircrafter Welding Positioner and 
Turntable is manufactured and guaran- 
teed by the Superior Welding Co., 3410 FE. 
14th St., Los Angeles 23, Calif. 


KSM Battery Unit 


A new portable Battery Unit supplying 
independent power for welding studs up to 
'/-in. base diameter is now offered by 
KSM Products, Inc., Merchantville, N. J. 
This unit is recommended for stud welding 
where no power lines are available or when 
existing lines are unable to handle stud- 
welding current in addition to their reg- 
ular load. Completely integrated and 
independent of power lines (except for re- 
charging), the unit is readily adaptable to 
all stud-welding installations within its 
power capacity. 

A tap selector switch, calibrated in weld- 
base diameters, regulates current supply. 

1 “off”? position eliminates external ter- 
minal short-circuiting when the unit is not 
in use. Output terminals for connections 
to control box consist of two threaded 


WHY BE ALMOST RIGHT . ee 


There's an “exact” Westinghouse 


studs and wing nuts; an ammeter indi- 
cates charging current, and a_ circuit- 
breaker switch protects equipment from 
excessive input charging current. 

Twelve heavy-duty wet batteries of 
150-amp-hour rating are kept charged, 
when connected to a 115-v, 60-cycle, 
single-phase a-c source (15-amp line mini- 
mum), by an integral automatic charger 
which test-checks open-circuit battery 
voltage every 10 min and charges when 
terminal voltage is below normal. 
to 12 batteries, confined by steel parti- 
tions to prevent accidental damage to 
other sections of the unit from battery 
acid, is made quick and easy by piano- 
hinged covers on both sides of the unit. 

Complete information and specifications 
available from the manufacturer, KSM 
Products, Inc., 322 Woodland Ave., Mer- 


Access 


chantville 8, N. J. 


Electrode for your specific job 


Your choice of 51 electrodes 


FREE samples on req 


J-21851 


[_] 8-6070 
Complete Line Electrodes 


8-6076 
Cast-iron Electrodes 
8-6077 
Stainless Steel Electrodes 


8-6078 


Mild Steel Electrodes 
[_] Free electrode samples 


]8-6129 
“—~ New RA Welder 


New Products 


Try a quality Westinghouse 
Electrode on your tough- Steet 
est job. Ask for a free sam- 
ple from your Westing- 
house Welding Distributor, 
or use coupon below. 


FREE electrode manuals 
These helpful guides can Steel 

save you welding dollars. 
Send for your copies today. 


TYPE SELECTION 
Mild 9 


lew Alley 


Steel 4 
Cast 
tron 3 


you can SURE...1# 


Westinghouse © 


WESTINGHOUSE ELECTRIC CORPORATION 
Welding Department 
P. O. Box 868, Pittsburgh 30, Pa. 


Address 


State 
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The Inquiring 
Weldor 


BY JOHN WILSON —— 


Question: Has hard-surface welding advanced as 
much with “‘low-heat™” welding rods as production 
and maintenance work on steels, aluminum, etc.? 


Gerald W. Sharp, Linden, 
N. J. Let me tell you about 
ration Piercing Punch” 
and I think you'll agree it 
has. We had tried hard 
chrome high-heat plating on = 
a shell punch costing $80. 

The life of the punch was 

2,000 shells. Then, using 4 
EutecTrode 680 and 6 HSS 

we increased the life of the rf . 

main ly to 12,000 

shells. The 680 layer acted as a ‘‘shock-absorber”’ 
for the subsequent layer of EutecTrode 6 HSS. 
The 680 also withstood the high heat of the bil- 
lee (2350). No subsequent heat treating was 
necessary, we got a Rc 50 reading and with heat 
treating could increase this to Rc 60-62. Finally, 
using ChamferTrode we made a tremendous sav- 
ing in time and money by cutting down machinist's 
grinding time. That's really hard-surface welding 
work at its profitable best. 


Question: Is welding equal to salvaging seriously 
broken fully machined dropped forge steel hard- 


ened to BR588? 

George Gill, Phila., Pa. 
Non-fusion welding is! In 
our foundry, we welded two 
crane wheels, - that high 
a Brinell reading without 
distortion and with high 
tensile strength. After test 
welds showed only 
Amp” EutecTrode 660 
would do the job, we 
“veed" deeply with Cur- 
Trode which gave us auto- 
and permitted continuous weld- 


matic 


‘pre-heat”’ 

ing. We let the wheels cool uncovered, took base 

and weld metal Brinell ane: and found "660" 
ar 


ve us just about the BR540 dness of the steel. 

fe had no distortion of flanges or bores on the 
wheel facings. It was almost impossible to find 
the welds after grinding. After a year's 1 8-hour-a- 
day service, the wheels show none of the bad 
wear effects previously noticed on the chilled cast 
iron wheels. 


Question: How can you simplify delicate silver 
brazing on stainless steel and prevent the oxi 
tion problems and cracking which occur so often? 
William Silage, Canfield, 
Ohio. W’e weld thousands of 
drink dispensers joining 
stainless and copper compo- 
nents. Usi on-Fusion’ 
welding and EutecRod 1800 
instead of silver brazing we 
are able to join 2 3/4 inch 
solid stainless steel faucet 
ies to several ¥¢ inch 
-020 


Since “1800” ‘bonds ata a lower temperature than 
silver and ‘‘wers’ we not have 

n throughs,’’ we use less cut our 
and have not had a reject in over five years. Also, 
the “1800” welds are so neat that expensive 
machinin, ond — costs have been virtually 
elimina Even though our equipment is sub- 


jected to notorious corrosive and electrolytic action, 
the unique cadmium-free EutecRod 1800 always 
wins the approval of government inspections. 


% mize, warping, distortion, stresses 
and embrittlement. For time and money 
saving help on welding steels, aluminum, 
cast iron.. and all ‘‘problem’’ alloys at 
temperatures below bose metal melting 
points ...and for stronger, sofer production 
and maintenance weldin just write ““Weld- 
ing Data Bank’ for ‘your tree copy of “1954 
Welding Data File’ on your jobs. 
Copyright 1954 


EUTECTIC WELDING ALLOYS CORP. 
40-40 172nd St., Flushing, N.Y 


Stud Welding Methods 


Significant improvements, included in 
the design of KSM welding studs for the 
construction industry, provide strong, 
corrosion-resistant fasteners for corrugated 
asbestos, steel and aluminum, flat asbestos 
and insulation. Also, these new KSM 
fastening methods are particularly suited 
to all types of curtain wall construction. 
All stud welding applications are from the 
top side of roof or outside of wall. No in- 
terior scaffolding is required, nor is it 
necessary to reach around the material to 
secure side-lap fasteners. Interior finishes 
are clean. Studs are not visible from in- 


side. 


F ROOFING AND SIDING APPLICATIONS... 
CORRUGATED ASBESTOS | CORRUGATED STEEL 
KORR-NUT WITH BuRR 

NEOPRENE OR LEAD SEAL |conpugaTeD | KORR-WELD 
CORRUGATED 


“CORRUGATED ALUMINUM | 


INSULATION BOARD 


CORRUGATED KORR-WELD| FLAT BOARD KORR-NUT 
ALUMINUM COMPOSITE FLAT NEOPRENE 
PIN ASBESTOS. * WASHER 
— 


Contractors and applicators can obtain 
complete information on KSM Korr-Stud 
Welding Methods for erection of corru- 
gated asbestos, steel and aluminum sheet 
siding, electrical construction, and sprink- 
ler and plumbing installation by writing to 
KSM Products, Inc., 321 Woodland Ave., 
Merchantville, N. J. Requests should 
specify the type of corrugated roofing or 
siding material being considered. 


A-C Are Welder 


A new low-cost “utility” a-c are welder, 
designed to meet the needs of shops that do 
not require “production-type” capacity, 
is being introduced by Marquette Manu- 
facturing Co., Ine., Minneapolis. 


== 


New Products 


This welder, the Redi-Arc, readily 
handles up to ®/.-in. electrodes, and can be 
used wherever 220 v, 60-cycle, single- 
phase current is available. The Redi-Arc 
is claimed to have the highest usable capac- 
ity possible in a unit of its size and rating, 
yet its input demand is well within the 
limits of a regular 3-kva line transformer. 

Featuring the “instant are’’ for easy arc 
striking, the Redi-Are produces a stable, 
surge-free welding arc easily handled even 
by nonprofessional or occasional welders. 
It is built to equal or exceed NEMA and 
REA specifications, and can be used in 
sheetmetal shops, body shops, repair and 
maintenance departments, farm shops and 
home workshops. 

For more information, write Marquette 
Manufacturing Co., Inc., 307 BE. Hennepin 
Ave., Minneapolis 14, Minn. 


Jetweld 2 


The Lincoln Electric Co. has announce ! 
the second electrode in its newly developed 
line of electrodes with powdered metal in 
their coatings. Called Jetweld 2, the new 
electrode is designed especially for welding 
butt and deep groove joints. It is a com- 
panion electrode to Jetweld 1, designed for 
welding horizontal and flat fillet joints. 


These new electrodes with powdered 
metal in their coatings are claimed to be « 
radical departure from electrode designs 
that have been the standard for the past 
20 years; a departure as important as the 
step from bare electrodes to coated elec- 
trodes. 

Jetweld 2 is designed for high-speed 
welding of butt and deep groove joints to 
weld at the lowest possible cost per foot o/ 
weld with excellent X-ray qualities, easy 
slag removal, top physical properties, 
smooth appearance and low crack sensi- 
tivity. These objectives, Lincoln en- 
gineers say, required, as with Jetweld 1, « 
basic change in electrode design, the 
powdered metal coating. 

Jetweld 2, it is claimed, will weld butt 
and deep groove joints up to 50% faster 
than conventional electrodes. It operates 
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exceptional rigidity and strength. 
Silver brazed joints never jar loose. 


9 tof tubes for 


Stainless steel head. Withstands 
severest cutting conditions. Won't 
distort under extreme hest. 


simplest, safest, most economical 
type of high pressure oxygen 
control ever designed. 


(Not shown.) Sure-grip grooved 
and fluted handle. Natural action 
high pressure contro! lever that 
gives utmost sensitivity and accu- 
racy of control. 


May 1954 


TORCHWELD “75” 
features that add up 
to better performance 


Leakproof Diaphragm Valve is the 


Copyright 1954, National Cylinder Gas Company 


in the TORCHWELD® “75” 


Two-way protection that 
multiplies tip life 3-5 times 


The construction FACTS behind 
Torchweld ‘‘75”’ design bear out its 
record of longer life, better perform- 
ance, reduced costs. 

But now a new protective measure 
will increase the already great value 
you get from the Torchweld **75”’. 

We are now packaging each ‘*75” 
Cutting Tip in a protective plastic 
container. Not so much for safety ia 
shipping—but as an invitation to cut- 
ting operator to return each tip, when 
not in use, to this plastic container. 

This simple, easy measure will 
keep the finely finished seating sur- 
faces of the tip from contact with 
dirt and grit, will preserve it from 
careless handling... will multiply 
the useful efficient life of the tip three 


to five times over. 

In addition, two NCG tip cleaners 
are packed with the tip, for the proper 
cleaning of the preheat and high 
pressure oxygen passages. Another 
measure that will greatly lengthen 
tip life. 

We think enough of “75” Cutting 
Tips to spend a lot of care in their 
preparation. We think enough of 
your investment in these tips to want 
to protect it to the end. Compare 
the Torchweld 75”’ Cutting Torch 
—and tips—with anything you have 
used before. Contact an authorized 
NCG dealer, or NCG district office, 
or write the address below for a no- 
cost, no-obligation demonstration. 
Don’t wait, do it today. 


EVERYTHING FOR WELDING 


NATIONAL CYLINDER GAS COMPANY 
840 N. Michigan Avenue, Chicago 11, illinois 
Branches and Dealers from Coast to Coast 


NOW...to give you MORE 

ZY 
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on either ac or de, with operation on ac 
preferred. The bead has excellent wash- 
in. Slag removal is excellent. High ease 
of operation and low fatigue factor result 
from the drag technique used with the 
heavy coatings. Spatter is reduced to a 
minimum, and the smooth appearance on 
cover pass welds meets automatic welding 
standards. 

Its physical properties recommend the 
electrode for X-ray work, and it can be 
used on steels with hardening tendency. 
Typical values are: yield, 55,000 psi; ten- 
sile, 66,000 psi; elongation as welded, 
28%; stress relieved, over 30%. Charpy 
keyhole notch impact values average 37 
ft-lb at room temperature, and the transi- 
tion temperature is below —100° F. The 
electrode is classified at £6020 and meets 
all E60 classifications in the downhand 
position. It is available in 5/3, 7/2 
and '/, in. diameters. 


New High-Pressure Projection 
Welder 


A new projection welder which com- 
bines high welding pressure with fast ram 
action is announced by the Universal 
Welder Corp., Cleveland 4, Ohio. 

Particularly suited to the welding of 
light metals and to other applications re- 
quiring high pressures and quick follow- 
up, the machines are rated at from 5000 


to 18,000 psi over a size range of from 250 
to 500 kva. 

A novel ram design in the new unit com- 
bines low inertia with virtually frictionless 
motion. The ram—equipped with a 
double-acting pressure head of the zero- 
friction diaphragm type—is mounted in 
an aluminum frame. The latter is guided 


FOR QUALITY WELDMENTS 
use 


CORPORATION 


QUALITY CONTROLLED 
STAINLESS STEEL 


WELDING WIRE 


> available in Spools, Coils 
~ and Lengths 


>» for Automatic and Semi-Automatic 
gas and inert arc welding 


Welding wire by Drawalloy is made to an 
exacting high standard ...a high stand- 
ard established by long-experienced weld- 
ing men who know welding wire and how 
it must work. Set-ups for automatic and 
semi-automatic welding take more time 
than regular welding. That’s why you 
want to be sure of satisfaction before you 
start. This reliable wire is weld-tested to 
give the best results every time. Write 
today for complete information and prices. 


WELDING SUPPLY DISTRIBUTORS: Get prompt delivery 
on all sizes and grades of stainless and too! steel 
wire for gas and inert arc welding. 


LINCOLN HIGHWAY AT ALLOY STREET + 


YORK 13, PENNSYLVANIA 


New Products 


on two round-column vertical shafts by 
sleeves incorporating multiple linear ball 
bearings. These bearings eliminate ex- 
tensive wear adjustments required by con- 
ventional cam-guided machines; a new 
bearing surface is provided by merely 
rotating the guide columns. 

The units have welding strokes over a 
1/,-2 in. range and may be had with an 
adjustable retraction-stroke ram providing 
3-6 in. additional travel. The latter is 
actuated by an air cylinder through tog- 
gle linkage and is counterbalanced for a 
smooth, shockless stroke. 

The new welders are available with 
standard throat depths of 12-48 in. in 
6-in. steps. The adjustable lower knee 
may be a double-screw, knee-braced type 
or equipped with a hydraulic jack. 


Plastic Squeeze Dispenser 


F Special Chemicals Corp. of Ossining, 
N. Y., announces Kwikflux No. 54 now 
available in a new Kwikfluxer Applicator 
Container made of pliable plastic with 
screw cap tip and is refillable. 


The manufacturer claims the Kwik- 
fluxer is economical, quick and convenient 
to use. All that is necessary is to pierce 
the tip, squeeze and apply to work. No 
brushes, no jars, no breakage, no waste, 
no skin contact, no sores. 

Small opening eliminates waste from 
rapid evaporation and hardening. Saves 
time and flux. The Kwikfluxer Applica- 
tor holds 12 full ounces of Kwikflux No. 
54 for silver brazing and hard soldering. 
Ready for use, needs no diluting for most 
applications. 

For full information, write to Special 
Chemicals Corp., 100 S. Water St., Ossin- 
ing, N. Y. 


Automatie Flux Valve 


A new type Automatic Flux Valve has 
been announced by the C. B. Herrick 
Mfg. Corp., of Cleveland, Ohio. The new 
valve gives positive control of the flow of 
flux on automatic, submerged-are welding 
applications. 
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FLOWLINE 


WALL 
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FLOWLINE 
237" wea 


4027 stock items 


You can plan for economical, effi- 
cient butt-welded corrosion piping 
with assurance of quick availability 
of FLOWLINE Fittings. Delivery 
can be made from stock by leading 
distributors. Made in sizes 4” 
through 12” — Schedules 5S, 10S, 
40S, 80S — Stainless Types 304, 
304L, 316, 347; Monel, Nickel, Alu- 
minum. Seamless fittings with all the 
plus values . . . at no extra cost. 


WELDING FITTINGS CORP. 
NEW CASTLE, PENNSYLVANIA 


World's Lorgest Manufacturer of Stainless Welding Fittings 


497 


Its use eliminates the waste of flux and 
also prevents the possibility of the opera- 
tor neglecting to start the flux flow. Using 
the Herrick Flux Valve, the operator 
knows when the electrode is in direct con- 
tact with the work since the flux will not 
flow until the electrode contacts the work. 
The valve has been designed to operate 
with all Type LAF-2 Automatic Welding 
Heads. When the operator turns the 
“Inch Down” switch to weld position, the 
flux automatically begins to flow after the 
electrode contacts the work. When the 
operator reverses the “Inch Down” 
switch, the flux flow automatically stops. 
A unique feature of the Herrick Flux 
Valve is its compact design enabling it to 
be attached directly under the Flux Hop- 
per. 
The valve is so designed that it will not 
jam either in an open or closed position. 
Complete wiring diagrams are enclosed 
with each valve. 


Flash Trimming Machine 


The Morton Special Vertical Flash 
Trimming Machine is used in removing 
the flash from the inside and outside of 
thick-wall welded rings cylinders. 
This trimmer has a capacity of '/, in. 
minimum to */, in. maximum thickness 
and from 6-in. minimum inside to 24-in. 
maximum outside capacity. It is made 
in sizes for trimming 4, 7 and 10 in. lengths 
of work. This machine is entirely hy- 
draulically operated. The piece to be 
trimmed is placed over the inner clamp 
member and ram. <A foot-operated push 
button starts the evcle. The inner ram 
member moves forward hydraulically to 
clamp the cylinder. Both rams auto- 
matically cut on the draw-cut downward 


stroke. At the end of the cutting stroke 
the inside ram and clamp dies move to un- 
clamp position and the rams return auto- 
matically to load position. 

alternating-current§ 15-hp motor 
and control equipment provides suitable 
power for operating this machine. An 
approximate cutting speed of 60 fpm with 
a 2 to 1 quick return is used. Morton's 
special tool holders and standard flash 
trimmer cutting tools are used with this 
machine. 

Morton Manufacturing Co., Muskegon 
Heights, Mich. 


Girth Welder 


A standard heavy-duty positioner is 
mounted on a common base with a vertical 
column for very flexible weld head _ posi- 
tioning. 

The positioner is designed and built to 
machine tool precision standards and pro- 
vides a rugged and accurate unit with 
smooth wide range table rotary speeds. 
The standard bored hole goes completely 
through the table without interference, 
making possible the application of hy- 
draulics, air, water or gas into special 
fixturing through rotary joints. Jig 
drilled and tapped holes on the table sur- 
face offer interchangeable fixture mount- 
ing applications. 

The vertical column supports a power- 
operated saddle which is guided by V- 


type rollers. On the front of the saddle is 
mounted single or multiple universal head 
mounting arms. The arms impart manual 
horizontal and radial movement to the 
welding equipment. 

All machine operating controls and weld- 
ing cycle can be operated from a swinging 
pendant station to give flexibility to the 
over-all operation. All) machine move- 
ments are protected from overtravel by 
use of electrical interlocked limit switches. 
Unlimited welding problems can be solved 
with this new Morton Universal Girth 
Welder. Morton Manufacturing Co, 
Muskegon Heights, Mich. 


Washers Reduce Silver Brazing 
Costs 


Silver brazing costs are reduced as 
much as 60% when new L-M edgewound 
washers are used, according to their 
manufacturer Lucas-Milhaupt Engineer- 
ing Co., Cudahy, Wis. Through impor- 
tant engineering advances, incorporating 
the No Tangle-Notch Coil feature, wash- 
ers are produced without die charges or 
tooling costs and eliminate scrap waste 
common to blanking. 

Flat wire alloy is wound on edge and 
then cut partially through. The coil of 


WELDING and ASSEMBLY PLATENS 


Floor plates — bending tables — layout tables — 
straightening tables -—- dog blocks — bending blocks— 
blacksmith blocks. 5’x5’— 6’x6’ — 6’x8’ — 6’x10’ 
— 5'x10’ — 6’x12' — 3'x3’ — either 6” or 7” thick. 


STAHL EQUIPMENT CO. 


94 Washington St., Brookline Village 46, Mass. 


UNITED STATES 
TESTING COMPANY, INC. 


INSPECTION and TESTING of 
Welding and Weldments 


QUALIFICATION of 
Procedures and Operators 


Main Laboratories 
Boston - Chicago - New York - Philadelphia - Providence 


Hoboken, N. J. 


New Products 
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REPAIR WELDING 


“Don't scrap it . . . braze-weld it” paid off handsomely when this inner ram was twice repaired. 


Braze welds twice save press part from scrap heap 


This is the inner ram of a 500-ton 
press for shaping automobile fen- 
ders, quarter panels, floors, etc. It 
weighs 10 tons. 

Twice it cracked, in different 
places. And twice braze-welding re- 
paired it. It would have cost thou- 
sands of dollars to replace this part. 

Punch Press Repair Corp., 1975 
Hilton Road, Ferndale 20, Michi- 
gan, did both jobs. Each time they 
used Tobin Bronze*-481 Welding 
Rods. They say, “Welding with 
Tobin Bronze saves us time. It’s eco- 
nomical and dependable, too. Braze 
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welds need less preheating . . . high 
stresses don't build up. Tobin Bronze 
flows freely, ‘tins’ quickly, gives 
strong, sound bonds.” 

Tobin Bronze-481 Welding Rod 
is widely used for repair welding of 
cylinders and other locomotive parts 

. automobile engine blocks .. . 
cast-iron pipe ... machinery parts 
and other equipment. 

AnaconpA Welding Rods for many 
types of repair and production jobs 
are available from distributors 
throughout the United States. The 
American Brass Company, Water- 


bury 20, Connecticut. In Canada: 
Anaconda American Brass Ltd., 
New Toronto, Ont. 


*Reg. U.S. Pat. Off 64137 


ANACONDA® 
welding rods 


AnacondA Copper-372 ¢ Tobin Bronze- 
481 © AnacondA-997 (Low Fuming) 
Bronze ¢ Nickel Silver-828 ¢ Cupro Nickel- 
826 Everdur-1010¢ Ambraloy-928  Phos- 
phor Bronze-351 ¢ Phosphor Bronze-354 
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washers is then shipped intact. When 
used, each washer is snapped from the coil 
and preplaced on work as needed. Unused 
washers remain in coil form. 

The new washers are wound in a variety 
of sizes and alloys. Diameters up to 4 
in. ID are held to close tolerances in thick- 
nesses from 0.010 upward. Available in 
Easy Flo and Silfos as well as copper, 
bronze and the more commonly used 
alloys. 


Steel Conveyors 


Steel belt conveyors in widths from 12 to 
60 in. and any length from 10 ft up have 
been added to the Weld-Bilt line of ma- 
terials handling equipment engineered and 
manufactured by West Bend Equipment 
Corp., West Bend, Wis. 

Long life and low operating friction are 
assured with the Weld-Bilt conveyors 
which are made up of 14-gage cold-finished 
steel sections which move on ball-bearing 


rollers and grease-sealed hardened run- 
ways. The sections are continuously 
hinged with '/,-in. bolt pins. 

Changes in belt lengths are made easily 
by the simple addition or removal of belt 
links and bolted channel steel supporting 
structure units. 

Further information is available from 
West Bend Equipment Corp., 349 Water 
St., West Bend, Wis. 


Hard-Facing Electrodes 


A new series of general service iron-base 
d-c hard-facing electrodes having a new 
metallic coating that provides improved 
weldability and are stability is now avail- 
able from Wall Colmonoy Corp., 19345 
John R St., Detroit 3, Mich. 

The electrodes which are made up of a 
chromium, boron and iron composition 
are available, in two types: Colmonoy 
No. 1 for hard-facing applications where 
extreme impact with high-abrasion resist- 
ance is required, and Colmonoy Special 


© STAND UP UNDER SEVERE 
a AND ABRASION! 


@ 


U.S. Patents |.87 


6.738 - 1,947,167 - 2,021,945 


Reduce Downtime on 


TRUCK BOTTOMS 


LAST MUCH LONGER 


THAN NEW BOTTOMS, TOO! 


“HOW TO DO wv 
DETAILS SENT ON 
VEST 


LE PRODUCERS 92 N. J. RAILROAD AVE. NEWARK, N. 


so 
LL, 
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NEAREST DISTRIBUTOR #7 
UPON REQUEST 


ME 
New Products 


No. 1 for applications where extreme 
abrasion and impact resistance are re- 
quired. 

In addition to the improved weldability 
and are stability features, the electrodes 
provide dense deposits that do not require 
cleaning or slag removal by chipping or 
brushing before welding on successive 
deposits. The deposits have uniform 
hardness and provide improved impact 
and abrasion resistance over former 
comparable iron-base alloy electrodes. 

Another important feature of the new 
hard-facing electrodes is that they can be 
used in applications where the deposit 
must be welded on vertical surfaces. 


Welding Accessory 


Erico Products, Inc., 2070 E. 61st 
Place, Cleveland 3, Ohio, has announced 
the latest development in the Caddy Are 
Welding Accessory Line, the L-145 Bench 
Fixture. 


The L-145 is used for making rapid pro- 
duction Cadweld connections of the weld- 
ing cable to all Caddy are-welding acces- 
sories plus splices of the welding cable. 

Descriptive sheet on the L-145 Bench 
Fixture available on request. 


Veterans of Foreign Wars 
the United States 
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welds 
without high preheating 
without distortion and warpage 


Now you can do it... weld manganese 
bronze castings, reclaim and repair manganese 
bronze ship propellers, fabricate manganese 
bronze assemblies with Bronze-Arc Mn. 
This 2000 Ib. manganese bronze casting had areas of excessive 
porosity in the "as cast” condition. Bronze-Arc Mn was selected Never before could you weld manganese bronze 
for the repair because good color match, machinability, and . . . Pas 
soundness were important. The casting passed X-Ray tests without high preheat and interpass temperatures— 
ofter repair with Bronze-Arc Mn. but you can with Bronze-Arc Mn. And that elimi- 
nates a major cause of distortion and warpage. 
Bronze-Arc Mn welds have excellent physicals— 
: and the chemical composition is the same as the 
basic material. 
OVEN FRESH BRONZE-ARC Mi 
electrodes ore packed in a. Developing electrodes for hard-to-weld alloys is a 
familiar ALLOY RODS red-and- if job that never ends at Alloy Rods Company. New 
— aw sealed . Bronze-Arc Mn, the first and only electrode for 
si eae electric arc welding of manganese bronze, is proof of 
Alloy Rods continuing leadership in research. 


Put Bronze-Arc Mn to your own test—order a ten 
pound container from your distributor today. 


Allo 


General Offices and Plant * York 3, Pennsylvania Get all the Facts... Fill out this 
R Pacific Coast Sales Offices and Plant, El Segundo, Calif. coupon and we'll send you the com- 
) 


& i plete story on the new Bronze-Arc 


Mn electrodes. 
ARCALOY Stainless Stee! Electrodes 


BRONZE-ARC Bronze Electrodes 
NICKEL-ARC Electrodes for Cast Iron 
TOOL-ARC Electrodes for Tools and Dies 


WEAR-ARC Hard-Facing Electrodes Company Name 


-ARCL Hyd Electrodes 
WELD C Low Hydrogen Electr Street Address 
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PERSONNEL 


Mikhalapov Joins Coast Metals 
Coast Metals, Inc., of Little Ferry, N.J., 


has announced the election of George 8. 
Mikhalapov as President to succeed John 
P. Rutherford. The company is one of the 
leading manufacturers of hard-surfacing 
alloys and a pioneer in the development of 
wear-resistant castings. 

Mr. Mikhalapov started his career with 
Stone & Webster upon graduation from 
MIT in 1926, working on the design and 
construction of central power stations and 
industrial plants. While Director of Re- 
search and Development for Taylor-Win- 
field Corp. in Warren, Ohio, prior to World 
War II, he developed a series of resistance 
welders which were used extensively to 
spot weld aluminum alloys for wartime 
aircraft production. 

During the war vears he served in the 
Office of Scientific Research and Develop- 
ment, and directed a number of projects 
which contributed to the war effort. Some 
of these projects promoted the develop- 
ment of welded construction for Army 
tanks and armored vehicles—others de- 
termined the causes and prevention of 
fractures in the welded hulls of Liberty 
ships. 

At the end of the war, Mr. Mikhalapov 
joined Air Reduction Co., as Manager of 
their Apparatus Research Department. 
While in this capacity, he organized and 
built the Air Reduction Research Labora- 
tories at Murray Hill, N. J. 

In 1951 he became affiliated with the 
Knolls Atomic Power Laboratory of Gen- 
eral Electric, directing the engineering de- 
velopment of equipment and processes 
necessary to apply atomic energy to 
the generation of power for the nu- 
clear powered submarine, which is now 
being constructed for the United States 
Navy. 

Mr. Mikhalapov is a member of the 
AMERICAN WELDING Soctrery, American 
Society of Mechanical Engineers and the 
American Society of Testing Materials. 
In 1947 he presented the Adams Lecture 
to the AMERICAN WELDING Society. He 
holds a number of patents, mainly for the 
development of electrical equipment and 
welding and metal-working processes. 


Richardson National Sales and 
Service Supervisor 


L. D. 


National Sales and Service Supervisor by 


the Eutectic Welding Alloys Corp., Flush- 
His new duties will include 


ing, N. Y. 


502 


Richardson has been named 


supervision of sales, sales training and ser- 
vice in the U. S. and Canada. 

This appointment ties in with the cor- 
poration’s 1954 expansion program and is 
necessary to coordinate the activities of 
the various distribution centers being set 
up in the U.S. and Canada. 

Richardson has been with the corpora- 
tion for the last nine years. Previously he 
was chief welding engineer for the prime 
contractor on the U. S. Corps of Engi- 
neers, Manhattan Project at Oak Ridge, 
Tenn., having charge of welding in the 
Atomic Energy Gaseous Plant, Power 
House and other AEC construction opera- 
tions. 

His earlier experience includes two years 
as general foreman of welding at St. Johns 
River Shipbuilding Corp. in Jacksonville, 
Fla., and two vears as general foreman of 
welding with W. A. Bechtel Corp., in San 
Francisco, Calif. 

L. D. Richardson is a well-known lec- 
turer on all phases of welding. He has ad- 
dressed many chapters and sections of the 
American Society for Metals, AMERICAN 
WELDING Society, American Society of 
Tool Engineers and American Foundry- 
men’s Society. He is a member of the 
AWS, the ASM and New York Sales Ex- 
ecutive Club. 


E. R. MeClung Made 
Assistant Manager 


Appointment of E. R. MeClung as 


assistant manager of the Alco Products 
Plant of the American Locomotive Co. at 
Dunkirk, N. Y., has been announced by 
F. Murphy, manager. 


Personnel 


Prior to this appointment, Mr. MeClung 
was assistant manager of Alco’s Ordnance 
Plant in Schenectady. In that capacity 
he was engaged in the manufacture, testing 
and shipping of M-47 medium combat 
tanks destined for the U. 8S. Army Ord- 
nance Corps and America’s allies through- 
out the western world. 

Mr. McClung joined Alco in January 
1952 as superintendent in charge of tank 
hull manufacture and was promoted to 
night superintendent of the ordnance 
plant in May 1952. He then became 
general superintendent of the plant in 
July 1952, and was made assistant manager 
in September 1953. 

Before joining Aleo, Mr. MeClung 
spent six years as plant superintendent of 
the Lukenweld Division of the Lukens 
Steel Co. at Coatesville, Pa. During the 
war vears he was welding engineer at the 
New York Shipbuilding Corp., Camden, 
N. J. Previously he had been a develop- 
ment engineer for Linde Air Products 
Corp. and assistant welding engineer at 
the Brooklyn Navy Yard, New York. 

Mr. McClung is a graduate of the U.S. 
Naval Academy, Annapolis, Md., and is a 
member of the AMERICAN WELDING 
Society, having served as chairman of the 
Philadelphia section in 1947 and 1948. 


Rmployment 


Position Vacant 


V-309. Young mechanical engineer to 
carry out process development and design 
of equipment for metal removal. 
perience with welding or oxy-acetylene 
cutting preferable but not essential. An 
excellent opportunity for the right man to 
grow with a young, aggressive and rapidly 
expanding firm. Send brief history and 
starting salary desired with reply. 


Services Available 


A-650. Experienced fabricating shop 
supervisor with good background welding 
and code practices, desires position as 
superintendent or equal, with well-organ- 
manufacturing process 
Interested in 


ized company 
equipment, weldments, etc. 
new procedures, cost reduction, design and 
sale of products. Complete résumé avail- 
able. 
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FLEETWELDER FLEETWELDER SPECIAL 


... prices reduced 11% to 24% low-priced AC welder 


qFleetweider AC with 
Arc-Booster. 300, 400, 
500 amp sizes. Vor wide 
range of light and 
heavy welding with AC. 


Fleetwelder Special. > 
300, 400, 500 amp sizes. 
More useable amps per 
dollar than any AC 
welder. 


LOWEST COST AC WELDING 


Lincoln’s new combination of lower AC machine prices and faster welding 
with Jetweld heralds another development in Lincoln’s program to lower 
welding costs. 

The highest manual AC welding speeds ever attained are now available 
to industry . . . and at lowest possible cost because: 
1. Lincoln AC machine prices are lowered 11% to 24%... and more with the 
new Fleetwelder Special. 
2. 35% and higher welding speeds can now be realized with Jetwelding... 
using the cost-cutting combination of Jetweld and Lincoln AC power. 


WRITE FOR PRICES 


— Benefit Now. Have 
your Lincoln representa- 
tive check your require- 
ments for both electrodes 
and welders. Call or write. 


tue LINCOLN ELECTRIC company 


DEPT. 1904 * CLEVELAND 17, OHIO 


THE WORLD’S LARGEST MANUFACTURER OF ARC WELDING EQUIPMENT 
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LITERATURE 


Ampco-Weld Wall Chart 


A colorful and most informative wall 
chart is available for immediate distribu- 
tion, free of charge, by the Resistance 
Welding Division of Ampco Metal, Inc., 
1745 S. 38th St., Milwaukee 46, Wis. 

The 20'/.- x 29'/.-in. hanging chart 
incorporates a total of nine valuable data 
charts and ten photographs. 

The feature chart in the upper left 
corner includes the RWMA Specifications 
for spot welding similar and dissimilar 
metals. The other eight data charts, of 
the three-color presentation, cover the 
average properties of Ampco-Weld, high 
conductivity alloys, projection welding, 
conversions on the commonly welded 
metals, heat balance, secondary amperes 
and electrode force, seam-welding and 
spot-welding low-carbon 
steel. 

The photographs show Ampco-Weld 
holders, tips, seam Welder shafts and 
bushings, seam welder wheels, backings, 
dies and tips. 


schedules on 


Electrode Holder 


The Duro Engineering Co., Inec., 136 
Park St., New Haven 11, Conn., has is- 
sued a leaflet describing a new electrode 
holder which weighs only 16 oz. This 
electrode holder permits fast changes by 
lever action, no turning. Such merits in- 
clude long life, durability and good con- 
nections. Parts are readily replaced. 


Mechanics of Materials 


A book by Philip G. Laurson and 
William J. Cox has been published by 
John Wiley & Sons, Inc., 440 Fourth Ave., 
New York 16, N. Y., and sells for $5.75. 
Since this book was first published over 
fifteen years ago, it has won an established 
reputation both as a reference and text. 
One reason for its continuing popularity is 
the fact that the authors never lose sight 
of their ultimate purpose—providing a 
clear understanding of the fundamental 
principles underlying machine and struc- 
tural design. Welding design is covered. 

Professors Laurson and Cox examine 
the physical behavior of stressed bodies, 
not merely from the viewpoint of its 
mathematical expression but also in the 
light of the practical problems that con- 
front the engineer. They present their 
material in a way that is easily understood, 
taking particular care to express state- 
ments clearly and support them with 


ample explanations. Throughout the 
book they encourage the reader to think 
of the subject in terms of its engineering 
realities. 

The Third Edition retains much of the 
outlook of earlier editions. At the same 
time it has been largely rewritten in the 
interest of adding to the book's clarity 
and timeliness. The most important 
changes are the increased emphasis on 
the statics of stress determination, and 
the postponement of the material on 
stresses determined by deformation. The 
chapter on combined stress has been re- 
arranged to give increased emphasis to 
Mohr’s Circle. Other changes are: the 
revision of the tables of structural shapes 
which have been brought into conformity 
with present day standards; the inclusion 
of many new illustrations; and the addi- 
tion of a whole series of new problems, 
many of them based on actual, well-known 
engineering structures. 


Welding Process and Procedures 


This book of 255 pages by Joe L. Mor- 
ris was published by Prentice-Hall, Inc., 
70 Fifth Ave., New York 11, N. Y. 

The author has prepared this book for 
the express purpose of serving those 
groups attending colleges that offer brief 
courses in welding, and for technical in- 
stitutions and the more advanced voca- 
tional schools. An earnest effort has 
been made to arrange the text material in 
such a manner that those portions con- 
sidered to be too advanced for certain 
students may be omitted without destroy- 
ing the continuity of the presentation. 
The practicing engineer and the industrial 
worker will also find the book useful be- 
cause of its simplified presentation of weld- 
ing processes and procedures. 

The arrangement relating to the more 
important welding processes is as follows: 
(1) History, (2) description, (3) details of 
use, (4) applications and _ limitations. 
Price: $5.00. 


Welded Ship Construction 


The encounter of two ships at sea can 
tell a great deal about the strength of ma- 
terials, the effectiveness of the tools and 
techniques used in construction and the 
quality of the skill and craftsmanship. 

Air Reduction is offering a new 4-page 
folder entitled: ‘Collision Reveals True 
Story of Welded Ship Construction.”’ 

The article, written by J. D. Beery, of 
Ingalls Shipbuilding Corp., and LaMotte 


New Literature 


Grover, of Air Reduction, was reprinted 
from The Welding Engineer, It discusses 
the advantage of welded seams over 
riveted seams in building ships. When the 
SS Loide Panama, built by Ingalls, was 
rammed by an oil tanker off Barnegat City, 
N. J., some months ago, a V-shaped cut 
was made at the point of collision. A care- 
ful study was made of the damaged area 
and it was found that her riveted seams 
and joints had parted while all welded 
seams had held. In the opinion of engi- 
neers experienced in the behavior of 
riveted and welded ship construction, the 
fact that the welds held probably saved 
the ship from sinking. 

For complete details with pictures of the 
damage, request a copy of this folder by 
writing to Air Reduction Sales Co., 60 EF. 
42nd St., New York 17, N. Y. 


U. S. Air Force Machinability 
Report 


This book of 153 pages, the third volume 
in a series of studies on machinability, was 
prepared by the Curtiss-Wright Corp. with 
the U.S. Air Force. It is hoped that in- 
creased production and reduced costs will 
be obtained through a better understand- 
ing of the machining process and control 
of materials, tools and machines. The 
book deals with titanium and its alloys. 


Ferrous Process Metallurgy 


This book of 414 pages, by John L 
Bray, was published by John Wiley & 
Sons and sells for $6.50. It covers the 
following subjects: raw materials, the iron 
blast furnace, wrought iron, the Bessemer 
Process, the Basic Open-Hearth Process, 
the Acid Open-Hearth Process, electric 
furnaces, ingots and ingot molds and in- 
dex. 


Flame Cutting 


The Arcair Co., of Lancaster, Ohio, and 
Bremerton, Wash., has announced the 
recent acquisition of the manufacturing 
and distribution of the Meldrum Burner's 
Aid, formerly manufactured by the Mel- 
drum Engineering Co., of San Francisco, 
Calif. 

The improved model of the Meldrum 
Burner’s Aid, a tool used to adapt gas 
torches for accurate cutting of circles, 
bevels and contours, is now being produced 
by the Arcair Co. and will be known and 
advertised as the Improved Burner's Aid. 

The Arcair Co. also announces the avail- 
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ability of a free booklet explaining the use 
of the Improved Burner’s Aid for those 
interested in precision cutting with flame 
torches. Requests for this booklet, Fun- 
damentals of Flame Cutting, should be sent 
to Arcair Co., PO Box 337, Lancaster, 
Ohio, or PO Box 4227, Bremerton, Wash. 


**Forging Ahead” 


The American Car and Foundry Co., 30 
Church St., New York 8, N. Y., has is- 
sued a deluxe pamphlet entitled “Forging 
Ahead with ACF.” This pamphlet gives 
a complete story of the industrial forging 
service of the company. One section is de- 
voted to welding. Copies are available on 
request. 


Gas Drive Welder 


The Hobart Brothers Co. offers a new 
48-page book titled How to Build Your 
Own Gas Drive Welder. 

This book takes the reader through a 
progressive step-by-step plan, showing ac- 
tual photographs, plans and ideas for the 
welding operator who wishes to build his 
own portable gas drive are welder. 

Ask for EW-183, available at no charge 
from The Hobart Brothers Co., Troy 1, 
Ohio. 


Alloy Reference Chart 


A new Alloy Reference Chart listing the 
chemical analyses, physical properties and 
recommended applications for 28 different 
grades of cast stainless steel has been made 
available by the Cooper Alloy Foundry 
Co., Hillside, N. J. Prepared by Norman 
S. Mott, Chief Chemist and Metallurgist, 
the bulletin indicates ACI, AISI, SAE, 
ASTM and general ‘“‘type’’ designations. 
Data as to heat treatment and remarks 
concerning weldability and machinability 
are included. Copies are available on re- 
quest. 


Codes and Standards 


Volume One, Number Two, of the Tay- 
lor Forge Mayazine includes interesting 
items of importance to those concerned 
with Codes and Standards dealing with 
piping and pressure vessels. A list of the 
articles are: Keeping Up to Date on 
Codes and Standards Dealing with Piping 
and Pressure Vessels, Review of ASA 
B16.5—1953, Steel Pipe Flanges and 
Flanged Fittings, Pressure-Temperature 
Ratings, Class A and Class B Facings 
150 to 2500 Pound, Appendix D, Method of 
Rating Ferrous Alloy Steels, Report of 
Task Force on Flexibility, and ASA Code 
for Pressure Piping. 

This publication is available upon re- 
quest of the Taylor Forge and Pipe Works, 
PO Box 485, Chicago, 90, Il. 
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Page Welding Wire 


Now-a new line-up of 


AGE welding wire 


in coils, reels, packages 


@ Here are some of the ways PAGE welding wires are packaged to 
protect them during shipment and to make it easy for you to 
handle and stock them. Two new packages are Leverpaks and 
pallet-mounted coils. 


LEVERPAKS ¢ Here’s one of the best containers for coils up to 
16” 1p. It’s light-weight, but durable. It is sealed air-tight and is 
packed with moisture-absorbing substance to reduce corrosion. 
Release safety catch, pull lever, and the whole top comes off. It’s 
just as quickly resealed. Leverpaks can be rolled easily. They 
stack perfectly and take a minimum of floor space. They cost 
you nothing extra and have many re-uses. 

PALLET-MOUNTED COILS « If you have a fork-lift truck, you'll like 
PAGE’S new pallet-mounting of 22” Ip coils. Steel strapping and 
paper wrapping protect coils and hold them securely. You can run 
them in and out of freight cars and trucks, and spot them in 
your plant. 

AUTOMATIC WELDING WIRES «¢ Inert Gas—Six PAGE-ALLEGHENY 
stainless grades in .035”, .045”, and .0625” diameters. Precision 
thread-wound on 25-lb. non-returnable reels to fit popular arc 
welding machines. Submerged Are — PAGE Stainless in wire diam- 
eters from 1/32” to 5/16”, plain or copper coated. In layer-wound 
coils or 22” or 24” mill coils. 

GAS WELDING RODS « In a variety of analyses: stainless, Armco, 
medium and high carbon, and manganese or naval bronze. 


Warehouse stocks in Chicago, Denver, Houston, Los Angeles, San Francisco 


While our Monessen, Pa., office for literature and prices 
Page Steel and Wire Division 


= 
AMERICAN CHAIN & CABLE 


Monessen, Pa., Atlanta, Chicago, Denver, Detroit, 
Los Angeles, New York, Philadelphia, Portland, 
San Francisco, Bridgeport, Conn. 


New Literature 


— 


a 


M & T Catalog 


Metal & Thermit Corp. announces 
publication of a new, fully illustrated 20- 
page catalog of are-welding accessories. 
The M&T accessories line of high quality 
aids to good welding includes electrode 
holders, helmets, eye shields, ground 
clamps, cleaning tools, gloves, welding 
cable and many other related products. 

M&T accessories are offered through 
the company’s six district sales offices as 
well as through some three hundred weld- 
ing distributors located throughout the 
country. Copies of the new catalog may 
be obtained by writing to Metal & Ther- 
mit Corp., 100 I. 42nd St., New York 17, 
N. 


Welding and Flame-Cutting 
Apparatus 


National Welding Equipment Co., of 
San Francisco, Calif., has released a new, 
36-page, welding and flame-cutting ap- 
paratus catalog. This new catalog lists 
all of the major and most frequently 
needed equipment items. Deliberately, 
this manufacturer refrained from making 
this catalog cumbersome to read by ex- 
cluding many special types of torches, 
regulators, tips and nozzles. The catalog 
does, however, list and illustrate in a 
clear, concise manner, all of the equipment 
the average user of welding and flame-cut- 
ting apparatus will require. 

Also listed and illustrated are a number 
of detail information brochures which are 
more fully descriptive of design and con- 
struction details and operating sugges- 
tions. An interestingly handled and easily 
readable price list is included with the 
catalog. 


Aluminum and Steel Cleaner 


Oakite Products, Inc., manufacturers of 
specialized cleaning and allied materials, 
have announced the development of Oakite 
Composition No. 161, an alkaline-type 
material designed to clean aluminum, 
steel and other metals in pressure-spray 


washing machines without objectionable 
foaming. 

Oakite Composition No. 161, the manu- 
facturers state, is a white, free-flowing, 
powdered material that is completely 
soluble in water, free rinsing, and inhibited 
to provide safety to aluminum. 

Readers desiring additional information, 
without charge, regarding this new ma- 
terial, should address Oakite Products, 
Inc., 1ISE Rector St., New York 6, N. Y. 


Resistance Welding of Dissimilar 
Metals Bulletin Just Released 


A new bulletin in the series issued by the 
Resistance Welder Manufacturers’ Assn. 
entitled, Resistance Welding of Miscel- 
laneous and Dissimilar Metals, has just 
been printed. 

This bulletin, No. 19, covers information 
on the spot, seam and flash welding of ti- 
tanium, cobalt-base alloys and refractory 
metals, as well as zine and zine die castings, 
lead and lead alloys and dissimilar metals. 

The bulletin contains a number of 
tables and photographs. 

Copies are obtainable at the Headquar- 
ters of the Resistance Welder Manufac- 
turers’ Assn., 1900 Arch St., Philadelphia 
3, Pa., and the cost is ten cents each. 


Induction and Dielectric 
Heating 


This valuable book by J. Wesley Cable, 
Consulting Engineer, offers a carefully 
organized treatment of the latest uses and 
applications of high-frequency heating in 
industry. Divided into two major see- 
tions, dealing with induction and dielec- 
tric heating, respectively, the book con- 
tains sufficient theory to enable the reader 
to understand fully the basic phenomena 
applicable to both methods. 

The book consists of 576 pages and is 
published by the Reinhold Publishing 
Corp., 330 W. 42nd St., New York 36, 
N. Y., and sells for $12.50. 

One chapter deals with “Brazing and 
Welding by Induction Heating”; another 
chapter deals in “Soft Soldering by In- 
duction Heating.” 


ONE 
WELDING 
ENGINEER 


Responsible position now avail- 
able for Mechanical or Electrical 
engineer with specific experience 
on welding processes and/or de- 
velopment. 


Background should include ME 
or EE normal engineering curri- 
culum with special courses in 
graduate or undergraduate level 
in welding, metallurgy. 


Work involves welding studies 
and process development on 
newly developed materials at ex- 
treme temperature and _ stress 
conditions. 


Salary—Scaled to experience level 


Send resume to: 
Development Department Placements 


AIRCRAFT GAS TURBINE DIVISION 


GENERAL @@ ELECTRIC 


Cincinnati 15, Ohio 


Austenitic Pipe 


Copies of ASTM) specitication A358- 
52T, which has established reliable con- 
trols for heavy-walled sustenitic welded 
pipe, and which has been gaining wide ac- 
ceptance in manufacturing and processing 
fields, are now available from Stainless 
Welded Products, Inc., 252 Cornelison 
Ave., Jersey City 2, N. J. 

Important advantages of this specifica- 
tion to the designing engineer and indus- 
trial purchaser, such as greater stress values 
in pipe, are highlighted. 


The Welding Journal 
Effective March 1, 1953 1 time 


Special Preferred 
(Full Page) 
COVERS (12-time contracts) 


Advertising Rates 


$255.00 $235.00 
165.00 

130.00 

100.00 

80.00 

60.00 

48.00 


6 times 
$220.00 
155.00 
120.00 
95.00 
75.00 
55.00 
42.00 


245.00 


V-310. 


SALES MANAGER 


National manufacturer seeks Sales Manager capable 
of establishing and administering national sales and 
distribution of a line of DC ARC WELDERS soon to be 
introduced. The man selected will have charge of the 
Welding Equipment phase of this electrical equipment 
manufacturer’s multi-product sales program. 
be thoroughly experienced in the welding industry, 
including ARC WELDER SALES, so that he can build and 
direct all functions of a Welding Sales Department, 
including selling, distribution and service. 
St. Louis; field offices in major cities. 


WANTED 


He must 


Home office, 
Write to Box 


New Literature 
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“HELIARC’* 
A.C. ARC WELDERS 


. . . built around famed Miller trans- 
formers for unexcelled arc stability 
and positive current adjustment. Com- 
plete control units available for even 
the most specialized application. 

*The term “Heliarc” is a trademark of the 
Linde Air Products Co. 

P S.: See our new 25th Anniversary Model 
TA-252 at the Buffalo A.W.S. Show. 


INDUSTRIAL 
A.C. ARC WELDERS 


. .. in a wide range of sizes for all 
A.C. welding problems, including four 


models specifically designed for sub- SELENIUM RECTIFIER TYPE 


merged arc welding. D.C. ARC WELDERS 
. .. With patented “UNITRAN,” which 
combines a Miller-built transformer 
with its own flux diverter. Purely elec- 
trical operation eliminates mechanical 
parts, slivers maintenance costs. 
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CRmeesn, | PORTABLE AND AL 
SPOT WELDERS 


...in a variety of sizes and capacities. 
Portable models light enough to hold 
like any other hand power tool. Pedes- 
tal models foot or air actuated. Wide 
range of tongs and tips. 


GASOLINE ENGINE DRIVEN 
ARC WELDERS AND POWER PLANTS 


... powered by renowned Onan Engines, 
generator-coupled for greater effi- 
ciency. Both A.C. and D.C. welders avail- 
able. A.C. models with or with- 
out integral electric power plant. 


GENERAL UTILITY 
A.C. ARC WELDERS 


...in three models provide 
farms, shops and garages 
with efficient, high-quality, 
low-cost welding units. 
Built to NEMA standards. . 
Operate off commercial 
power lines. 
Simple and 
easy to use. 


ELECTRIC MANUFACTURING COMPANY Inc. @ Appleton, Wisconsin 
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CURRENT WELDING 


2,670,789-—AceTYLENE Torcu with AN- 

GULARLY ApsuSTABLE T1ip-—Charles 

Dieterich, Island Park, N. Y. 

This patent covers a specific construe- 
tion wherein a movable head section is 
provided and means are provided in the 
torch to hold the movable head section 
releasably in a desired position with rela- 
tion to the fixed head section of the torch. 


2,671,155-—ResistanceE WeExLpING  Ap- 

PARATUS~—Edgar Lees and Frank Ar- 

thur Cooke, Loughborough, England, 

assignors to Rolls-Royce Ltd., Derby, 

England, a British company. 

This patent relates to stitch welding 
upparatus and cooperating rotatable wheel 
element welding electrodes are provided 
with one welding electrode being fixedly 
positioned and the other one being carried 
by a movable arm to move the electrodes 
relatively toward and from one another. 
Means are provided for effecting a step- 
by-step rotation of the electrodes and 
other means load the welding electrodes to 
apply welding pressure thereto in alterna- 
tion with the step-by-step rotation therof. 


WELDING SysTEM 

Wirn Transrer TRANSFORMER —Fred 

W. Jaksha, Chicago, Ill, assignor to 

Welding Research Inc., Chicago, IL, ¢ 

corporation of Illinois. 

Jaksha’s patent relates to a welding 
transformer having three primary windings 
on the iron core of the transformer and 
connected to each other in delta, and cir- 
cuit means connecting the winding to its 
respective phase of a three-phase alternat- 
ing current source. A welding circuit is 
provided and includes a secondary winding 
on the iron core having at least one electric 
discharge valve in series circuit relation 
with each primary winding for controlling 
unidirectional current flow through the 
winding. A transfer transformer is elec- 
trically connected with the welding trans- 
former to improve the operating charac- 
teristics of the welding transformer and 
increase the value of the welding current. 
The transfer transformer has a separate 
iron core with three windings only on its 
core and the electrical connection of the 
transfer transformer is such that the wind- 


ings of such transformer are in parallel re- 
lution to a respective primary winding on 
the welding transformer. 


510 


prepared by ¥. L. Oldham 


Printed copies of patents may be obtained for 25c from the Commissioner of Patents, Washington 25, D. C. 


2,671, 196-—WeELDING TRANSFORMER: 
Frederick C. Owen, Fayetteville, N.C. 
alternating-current are 

disclosed in the patent and it includes a 

shell-type core and primary and secondary 

windings on the center leg of the core with 
at least part of the secondary windings 
axially spaced from the primary windings. 

Magnetic inserts span the distances be- 

tween the center and side legs of the core 

and are movable into and out of positions 
between the spaced windings on the cen- 
ter leg of the core. A resonant circuit, 
reactive on the windings, has its resonant 
frequency dependent on the setting of the 


welder is 


magnetic inserts. 


2,671,501—Cvurrine Torcu Tre-—Daniel 

A. Marra, Cheswick, Pa. 

Marra’s patent relates to a blow-pipe 
tip including an elongate tubular body 
made from metal of relatively low strength 
and durability when exposed to steel at 
fusing temperature in the presence of oxy- 
gen and having a sintered carbide shoe on 
the delivery end of such tubular body. 
This shoe has relatively great durability 
when exposed to steel at melting tempera- 
ture in the presence of oxygen; 
baffle and gas passage bores are provided in 
the torch tip. 


special 


2,671,843-—ELectrric 

B. Steels, New Providence, N. J., as- 

signor to Air Reduction Co., Ine., New 

York, N. Y., a corporation of New 

York. 

This patent discloses and covers al- 
ternating-current are-welding apparatus 
including a welding electrode, a welding 
circuit connected to the electrode and to a 
workpiece for supplying alternating weld- 
ing current to maintain the welding are. 
Other means are present for adjusting the 
welding position of the electrode with 
respect to the workpiece, and means re- 
sponsive to selected stable half cycles of 
the are voltage are present in the appara- 
tus for actuating the adjusting means to 
maintain the are length substantially 
constant. 


2.671,846--Means FoR INDUCTIVELY 
Heating Narrow ELonGatTep Por- 
TIONS OF CYLINDRICAL Bopies—Alfred 
C. Body, Cleveland, Ohio, assignor to 
The Ohio Crankshaft Co., Cleveland, 


Ohio, a corporation of Ohio. 


Current Welding Patents 


Body’s patent is on a high-frequency in- 
ductor past which an axially split tube is 
to be continuously moved to have its 
edges adjacent the split progressively 
heated to a welding temperature. This 
inductor comprises a main conductor, a 
pair of side conductors one on each side of 
the main conductor and symmetrically 
disposed relative thereto, and a pair of end 
conductors extending transversely to and 
electrically connected to respective ends of 
the main and side conductors to connect 
the conductors in an electrical parallel 
circuit. Workpiece-facing surfaces pro- 
vided on the main conductor and_ side 
ductors form a generally inverted, U- 
shaped channel through which the tube 
passes and which channel is substantially 
greater in diameter than the diameter of 
the tube. 


2,671,860—AuTomatic Arc WELDING 
Metruop anp Apparatus—Richard B. 
Steel, New Providence, N. J., assignor 
to Air Reduction Co., Ine., Murray 
Hill, N. J., a corporation of New York. 
This patent relates to the structure 
covered in patent number 2,671,843 and 
adds thereto means for maintaining the 
are voltage at a normal value. Such 
means include a voltage divider connected 
parallel to the arc, a capacitor connected 
across one section of the voltage divider 
and charged when the welding circuit is 
energized and before the are is established, 
and means responsive to the capacitor 
charge and to the discharging of the ca- 
pacitor after the are is established for 
counteracting the effect on the electrode- 
moving means of the increment of are 
voltage above said normal value existing 
during the interval when the electrode is 
heating up. 


oF WELDING BRAKE 

Beams—Walter H. Baselt, Chicago, 

Ill., and Loren L. Whitney, Hammond, 

Ind., assignors to American Steel 

Foundries, Chicago, IIL, a corporation of 

New Jersey. 

This patent relates to a special welding 
operation particularly adapted for making 
truss-type brake beams. Registering slots 
are provided in abutted walls of two sec- 
tions of the brake beam and a welding 


portion is positioned to substantially 
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close one opening of the registered slots. 
A bifurcated chill is positioned against a 
portion of the members to be welded to- 
gether and simultaneously the walls and 
welding portion are welded together at the 
registered slots. 


2,672, 187—Torcu Tip MouNnTING 
H. Smith, Minneapolis, Miun., assignor 
to Smith Welding Equipment Corp., 
Minneapolis, Minn., 


a corporation of 

Minnesota. 

This patent is on a specialized torch tip 
wherein the novelty particularly relates 
to a provision of an easily removed torch 
tip carried in leaktight engagement with 
the body of the torch by a hand-operated 
clamping member. 


CONTROL 
Mass., 
Manufacturing 


Heat 
Lexington, 


2,672,543 —-WELDING 
Donald P. Faulk, 
assignor to Raytheon 
Co., Newton, Mass., 
Delaware. 


a corporation of 


This patent is on a method of welding 
comprising urging the parts to be welded 
together, producing an alternating electric 
current in the region of the junction of the 
parts and varying the intensity of the cur- 
rent for a plurality of cycles. Each eyecle 
varies in intensity from a minimum value 
that exists within only one period of the 
current and then 


alternating returns 


within one period to the minimum value. 


2,672,544 -Arraratus FOR WELDING By 

MEANS OF ELECTROMAGNETIC INDUC- 
Heatinc—-Lazare  Finchelstein, 
Antoine Rodolphe 
Baffrey, Liege, Belgium, assignors to 


TION 
Paris, France, and 


Societe Marocaine Technique et Com- 

merciale, a corporation of Morocco. 

This patent is on an induction welding 
apparatus for butt welding two adjacent 
edge portions of electrically conductive 
material. The 


apparatus comprises in 


combination an elongated magnetically 
permeable means having an elongated face 
formed with a groove extending along the 
length of such means so as to form two 
elongated pole faces separated by the 
groove. This elongated means is adapted 
to be disposed lengthwise of the edges to 
be welded with the edges located opposite 
the groove. An induction coil including 
a conductor portion extends lengthwise in 
the groove in heat-inducing relationship to 
the edge portions of the material. Supply 
conductor portions are located outside of 
the groove closely adjacent to the magnet- 
ically permeable means. Means supply 
alternating current to such coils. 


2,672,838-—Brazinc Macuine—Albert F. 
Heidenreich, Maywood, and Robert C. 
Hoffman, 
Victor Adding Machine Co., Chicago, 
Ill., a corporation of Tlinois. 


Chicago, IIL, assignors to 


This patent upon a brazing machine in- 
cludes the combination of means compris- 
ing a movable wire to feed the brazing wire 
along a predetermined path and a nor- 
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mally stationary work holder to support 
the workpiece. Other means support the 


wire grip for reciprocating movement 
toward and away from the workpiece, a 
spring engages the wire grip to move it, 
and motive means engage the spring to 
stress the spring intermittently for moving 
the wire grip toward the workpiece and 
for holding the end of the wire against the 
workpiece. The grip advances the wire as 
rapidly as it is melted and other means 
return the wire grip after the stress on the 
spring is relaxed. 


DrEvVICE FOR 
Harry Wein- 


2,673,063-—MeEtTHOD AND 
PULLING ELECTRODES 
man, Detroit, Mich. 
This device relates to a tool for prying a 
welding electrode from its seated engage- 
A lever is 
provided in the device and has a sharp 


ment with an electrode holder. 


transverse prying edge with the lever being 
pivoted on a support to swing the prying 
edge forcefully away from the holder to 
cut into the electrode before the center 
portion of a prying edge engages the elec- 
trode in a prying operation. 


2,673,274 
Vaughan, 


Strip) Heatinc—John T 
Hudson, and James W. 
Williamson, Cleveland, Ohio, assignors 
to The Ohio Crankshaft Co., Cleveland, 
Ohio, a corporation of Ohio. 

The patent relates to a method of pro- 
gressively heating continuous lengths of 
strip material for forming and welding of 
the edges and the method comprises radi- 
ating heat uniformly along the strip while 
in the flat state to heat into a’ hot-forming 
subsequently flowing 
high-frequency currents in the edges of the 
strip while still in a flat state to heat the 
edges to a plastic forge-welding tempera- 
ture. Next the flat strip is formed into a 
tube and brought into 
pressure-welding engagement. 


temperature and 


the edges are 


WELDING 
Helmut 


2,673,275-—ELECTRICALLY 

SuHeetT Metat Container 

Kreft, Braunschweig, Germany. 

Kreft’s patent is on an electric resist- 
ance welding process for continuous man- 
ufacture of overlapping longitudinal seams 
in metal packings and metal containers. 
The method comprises pressing together 
overlapping parts of the seam to be welded 
throughout the entire length of the weld 
solely by a pair of electrodes at a suffi- 
ciently high surface pressure, one elec- 
trode being positioned above and the other 
below the overlapping parts, and causing 
a single brief ‘current pulse sufficiently 
strong to weld the seam to pass through 
the seam throughout the whole of its 
length only after the desired pressure has 
been applied to the overlapping parts. 
Electrodes are separated from each other 
after the current supply to the electrodes 
has been completed and then the elec- 
trodes are rotated through a certain angle 
after each welding action. 


Current Welding Patents 


Use versatile Ampco-Trode \ 
“AC” coated aluminum bronze ~~ 
electrodes and get faster welds \ 
on difficult or dissimilar metals. Join 
cast iron, malleable iron,many nickel 
alloys, bronzes, bronze to stainless 
and many others. 

Ampco-Trode “AC” has low-spat- 
ter-loss; gives you dénse, high- 
strength, pit-free deposits that resist 
wear and corrosion. Welders like 
these electrodes because they strike 
easily, don’t snuff out, can be used 
with either AC or DC current. 

You get Ampco-Trode“AC” in five 
grades. Brinell hardnesses range from 
135 to 300 (3000 kg. load) ; tensiles 
from 77,000 to 90,000 psi; yield 
strengths from 35,000 to 69,000 psi. 

Get full information from your 
nearby Ampco distributor or writeus. 


*Reg. U. S. Pat. Off. 


w-i27 


Dept. Wi-5 © Milwaukee 46, Wis. 
Wes? Coast Plant, Burbank, California 
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Get fast, sound 
\C bronze welds 
-even on dissimilar 
q metals...U¢ 
NS 
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WELDING ARCS NEWS 


G-E MOTOR-GENERATOR WELDERS are simple to operate. A single-dial, 
dual-control current indicator makes it easy for you to set and check current 


—to get the best in welding performance. 


G-E AC TRANSFORMER WELDERS feature instant 
arc striking through automatic hot-start, and 
capacitor-stabilized arc. 


G-E RECTIFIER WELDERS offer you quiet, low- 
cost operation, plus the advantages of motor- 
generator welders. 


Choose the best welder for your job 
from the full line of G-E equipment 


Only G.E. offers all three—a-c, m-g, and rectifier 


Any welder may “‘do,”’ but only one type is best suited 
to your particular job. Only one will provide top per- 
formance at the lowest possible cost. 

You will find this particular welder in the complete 
General Electric line—the only line which includes all 
three: a-c, m-g, and rectifier. Choose the right welder 
for your job; choose from the complete line. 


AC SET PROVIDES EASY-TO-HANDLE ARC 
For welding heavy sections at high travel speeds 
without troublesome arc blow—select a G-E a-c 
welder. You can use bigger electrodes, higher current 
~— make fewer passes. G-E a-c welders give you easy 
starting and a stable arc for dependable operation. 


MG SET OFFERS UNIQUE INTERACTOR 
For the wide variety of industrial applications where 
d-c welding works best, select a G-E motor-generator 
set. This set offers the unique interactor, which 
smooths out voltage fluctuations—producing a steady 
arc, and stronger welds. 


Single-dial, dual-control makes it easy for you to 
choose the proper current and voltage setting to give 
top welding performance. 


RECTIFIER SET HAS MANY AC, DC BENEFITS 
Quiet, low-cost operation, and low maintenance ex- 
pense-—these are just a few of the benefits you get 
with G.E.’s new rectifier welder. Its soft arc can be 
made penetrating at the flick of a switch. 

Only G.E. offers full-time, arc-force control, to give 
you all the advantages of d-c welding. For more data 
on the exclusive features of this powerful rectifier 
welder, see the next page, and... 


CONTACT YOUR G-E DISTRIBUTOR TODAY 
Learn more about how you benefit from choosing 
from the complete G-E line—ask your distributor for 
free bulletins and information. His name is listed on 
the opposite page, and on the yellow pages of your 
phone book, under “Welding Equipment——General 
Electric.’’ General Electric Co., Schenectady 5, N. Y. 


(710-17 
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REVERSE-DRAFT FAN becomes a dust blower at the flick of a switch. 
Rectifier stacks may be periodically cleaned in this way to prolong the life of 
the equipment. 


New G-E rectifier welder offers 
unique money-saving features 


Gener.| Electric’s powerful new 400- POWERFUL REVERSE-DRAFT FAN 
amp rectifier welder provides you A powerful ventilating fan in G-E 
with two practical features you will rectifier welders can be reversed 
not find in any other rectifier set: easily to blow dirt off rectifier stacks. 
full-time arc-force control, and a This cleaning acti »n minimizes a 
reverse-drsft fan. major cause of rectifier failures. 


FULL-TIME ARC-FORCE CONTROL FOR MORE INFORMATION 


With G-E full-time arc-force control See your G-E Welding Distributor 
(optional equipment) you can hold a__ for full details. His name is listed on 


short arc on those extra-tough weld- this page and in the yellow pages 
ing jobs with little chance for pop- of the phone book under ‘Welding 
Equipment —General Electric.” 


outs or freezing in. 


MEMO: 


Ask about the three star-performers featured 
at the AWS Welding Show: 


G-E RECTIFIER WELDER the rectifier with the new features—-aimed 
at long service with a minimum of interruptions in production. 


G-E FILLERARC—for consumable-electrode, gas-shielded welding. 
The gun feeds wire by PULLING— allowing thinner wire for weld- 
ing thinner sections. 

G-E STRIKEASY 1-—the new electrode with a powdered-iron coat- 
ing. Boosts deposition rates so high you can save up to 35% in costs. 


| 
| 
| 
| 
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G-E WELDING DISTRIBUTORS 


Alab Birmingh Alabama Oxygen, Young & 
Vann Supply; Mobile —Turner Supply 
Arizona: Phoenix—-Consolidated Welding Supply 


California: Fresno, Los Angeles, Oakland, Sacramento, 

San Diego, San Francisco, Ventura——Victor Equipment 

Colorado: Boulder, Colorado Springs, Denver, Durango, 

Ft. Collins, Ft. Morgan, Greeley, LaJunta, Longmont, 

Pueblo, Sterling —Hendrie & Boithoff 

Connecticut: Hartford, New Haven —Harris Company 

Florida: Hollywood —Florida Gas & Chemical 

Georgia: Atianta, Macon —Welding Supply & Service; 

Augusta—Marks Oxygen; Columbus—Williams W eld- 

ing Supplies 

Idaho: Boise——Olson Manufacturing 

IMinois: Chicago, Moline, Morton, Rockford —Machin- 

ery & Welder 

Indiana: Evansville —Drillmaster Supply; Ft. Wayne, 

indianapolis — Sutton-Garten; South Bend — Perry 

Welding Sales & Service 

lowa: Des Moines——Machinery & Welder 

Kansas: Wichita —Standard Products 

Kentucky: Louisville —Reliable Welding; Paducah — 

Henry A. Petter Supply 

Louisiana: Alexandria, Shreveport —Hughes Oxygen; 

New Orleans-—Consolidated Welding Supplies 

Maryland: Baltimore —Arcway Equipment 

Massachusetts: Boston -New England G-E Welding 

Sales Division 

Michigan: Detroit—-Welding Sales & Engineering; 

Grand Rapids —Miller Welding Supply 

Minnesota: Duluth—W.P.&R.S. Mars; St. Paul-—Pro- 

duction Materials 

Mississippi: Jackson —Jackson Welding & Supply 

Missouri: Kansas City—Hohenschild Welders Supply; 

St. Lovis—Machinery & Welder 

Montana: Billings——Valley Welders Supply; Billings, 

Bozeman, Cut Bank, Glasgow, Great Falls, Havre, 

Kalispell, Miles City, Shelby, Sidney, Whitefish— 

Valley Motor Supply; Butte, Great Falls—Montana 

Hardware 

Nebraska: Lincoln—Lincoln Welding & Supply; Omaha 
Baum Iron 

New Jersey: Kenilworth —Welding Sales Corp. 

New Mexico: Albuquerque—industrial Supply Co.; 

Hobbs—-Western Oxygen; Las Cruces, Silver City 

Car Parts Depot, Inc. 

New York: Buffalo——-Welding Equipment Sales; New 

York—Welding Sales Corp.; Syracuse -—Welding 

Engineering & Equip. 

North Carolina: Charlotte—Dixie Gases; Gastonia — 

Gastonia Motor Parts 

North Dakota: Bismarck, Fargo —Acme Welding Supply 

Ohio: Akron, Cincinnati, Cleveland, Columbus, Dayton, 

Mansfield—Burdett Oxygen; Toledo—QOdland tron 

W orks 

Oklahoma: Oklahoma City ——Hooper Supply 

Oregon: Eugene, Portiand——J. E. Haseltine; Medford, 

Portiand—industrial Air Products 

Pennsylvania: Allentown, Philadelphia, Pittsburgh 

Arcway Equipment 

South Caroli Columbia, Gr ille—W elding Gas 

Products 

South Dakota: Deadwood—Hendrie & Bolthoff 

Tennessee: Chattanooga, Knoxville, Nashville—-W eld- 

ing Gas Products; Memphis——Delta Oxygen 

Texas: Abilene —-M&M Welding Supply; Alice, Corpus 

Christi—Crane Welding Supply; Alpine, El Paso, 

Marfa, Pecos—Car Parts Depot; Amarillo—Welding 

Equipment & Supply; Beaumont—H. & W. Welding 

Supply; Brownsville, Harlingen—-Acetylene Oxygen; 

Dallas—Hill Equipment & Supply; Houston —G-E W eld- 

ing Sales Division; Lubbock——-Welders Supply of 

Lubbock; Midland-——-West Texas Welders Supply; 

Odessa, Pecos—Western Oxygen; Orange —Marine 

& Petroleum Supply; Pecos—-Welding Supply Co.; 

Plainview—Plains Welding Supply; San Angelo— 

Southwestern Welding Supply; Texarkana —Hughes 

Oxygen; Wichita Falls-—Nortex We'ding Supply 

Utah: Salt Lake City—The Galigher Co. 

Washington: Seattle, Spokane—-J. E. Haseltine; Spo- 

kane, Yakima—industrial Air Products 

West Virginia: Bivefield-—Bivefield Supply; Charles- 

ton—Virginian Electric; Huntington, Logan—Logan 

Hardware & Supply 

Wisconsin: Milwaukee——Machinery & Welder 

Alaska: Anchorage—Northern Supply 

Canada: Toronto—Canadian G.E. 

Hawaii: Honolulu—American Factors, Ltd. 
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2,673,276-— PosTHEATING 


sey. 


selected lengths. 


CALLY WeELbED TuBes IN LINE OF PRo- 
puction——Ernst W. Allardt, Alliance, 
Ohio, assignor by mesne assignments, 
to the Babcock and Wilcox Co., Jersey 
City, N. J., a corporation of New Jer- 


In this process, immediately after the 
formation of a welded seam in a welded 
tube, the tube is progressively heated be- 
fore sizing and shaping the tubing to a 
temperature of substantially 100° F above 
the critical range of the steel strip. There- 
after the tubing is rapidly cooled while tiate the flow 
passing through a controlled neutralizing 
atmosphere after which the tubing is pro- 
gressively sized and shaped and cut to pre- 


2,673,278 —Meruop or Evecrric WELb- 
Anderson, Berkeley 
Heights, N. J., assignor to Air Reduc- 
tion Co., Inc., a corporation of N.Y. 


ING—Nelson 


Anderson's welding method comprises 
placing a gas discharge end of a gas nozzle 


in contact with a workpiece so that it sub- 


stantially surrounds a selected spot on the 
surface of the workpiece and a shielding 
gas is flowed through the nozzle onto the 
surface spot to exclude air therefrom at 
which time the electrode is advanced into 
electrical contact with the surface to ini- 
are welding current. 
Thereafter the electrode is released and the 
electrode is retracted to create a gas- 
shielded welding are within the nozzle be- 


tween the electrode and the workpiece and 


the flow of the arc welding current is ter- 
minated at a selected time interval follow- 
ing initiation of the are. 


2,673,333—Rotrary AsseEM- 

BLY~—-Melvin M. Seeloff and Joseph H. 

Cooper, Warren, Ohio, assignors to The 

Taylor-Winfield Corp., Warren, Ohio, « 

corporation of Ohio. 

This patent relates to a special rotary 
electrode assembly including a housing, 
spaced antifriction bearings in the housing 
and a current conductive spindle jour- 
naled by the bearings. Contact means are 
present for transferring electrical current 
from the housing to the spindle and the 
patent relates to special details of the 
assembly. 


LIST 


B—Member 


BIRMINGHAM 


Black, George P., Jr. (B) 
Dawson, B. L. Jr. (B) 
Kelley, T. D. (B) 


BOSTON 


Burr, Malcolm 8. (B) 
a 
of Durant, George A. (B) 


Hanbery, Donald T. (C) 
Helzner, Albert FE. (C) 
Lawrence, Robert R. (B) 
Minichiello, John J. (C) 
Sweeney, Edward F. (B) 


CHATTANOOGA 


Jones, J. Paul (B) 
Underwood, James J. (B) 


CHICAGO 


Borto, Edward J. (C) 
Brown, Richard O. (C) 
Cislaghi, John R. (C) 
Haas, William C. (C) 
Harris, Charles L. (C) 
Kemp, John C. (C) 
Kukolich, Joseph (C) 
Larson, Alfred J. (C) 
Smolek, Mack J. (C) 


CINCINNATI 


Dickert, Albert (B) 
Martin, Gavle W. (B) 
MeDaniel, C. Leslie (B) 


CLEVELAND 


Barber, A. W. W. (B) 
Buyers, Theodore B. (C) 
Dixon, Ralph (A) 
Dufala, Steve M. (C) 
Hobson, Robert John (C) 


A—Sustaining Member 


Effective February 28, 1954 


MEMBERSHIP CLASSIFICATION 


C—dAssociate Member 
D—Student Member 


Rapp, Alfred C. (B) 
Suihla, George (D) 
Swan, Harry O. (B) 


COLORADO 
Flohr, Samuel F. (B) 


COLUMBUS 

Bricker, Robert E. (C) 
Dennis, Ronald (D) 
Kurtz, Paul « 
Nelson, Jerome (D) 

Van Horn, Donald J. (B) 


DAYTON 
Morrison, George M. (C) 


DETROIT 


Centers, Paul (C) 
Eldred, Leroy (B) 

Head, Herberth E., Jr. (C) 
Palmer, Herbert O. (B) 
Rexin, Floyd R. (B) 
Schemansky, Irvin E., (B) 
Smith, Herbert L., Jr. (C) 
Waggener, Max H. (C) 
Wyte, Charles (A) 

Young, Walter P. (C) 
Zmyslowski, Clement (B) 


EAST TEXAS 
McDonald, J. B. (C) 


HOUSTON 


Beard, George E. (C) 
Boyd, G. W. (C) 
Brandt, E. F. (B) 
Butler, James H. (B) 
Hester, Henry L. (B) 
Jones, Jesse R. (B) 


Lamb, Raymond ©. (C) 
Massey, Clem M. (C) 
McClelland, H. A. (C) 


Mills, Maurice E., Jr. (B) 


Prassler, Alton H. (C) 
Reeves, Delbert (B) 
Riley, Walter A. (B) 
Ritter, Harry A. (B) 
Scurlock, 8S. W. (B) 
Snyder, R. T. (C) 
Wynne, M. V. (C) 
York, W. Wesley (B) 
INDIANA 

Miller, C. J. (C) 
IOWA 


Johnson, Harry M. (B) 


KANSAS CITY 


Hoffmann, John B. (B) 
Roach, John M. (B) 


LEHIGH VALLEY 


Couch, M. F. (C) 
Daden, Henry A. (C) 


LOS ANGELES 
Bisch, Raymond A. (C) 


Crawford, Gerald D. (C) 


Kraus, William P. (C) 
Moir, Norman C. (C) 


MAHONING VALLEY 


Mae Kusick, Meredith H. (A) 


MARYLAND 
Craig, William J. (C) 


Outerbridge, John J. (C) 


Philibert, B. J. (B) 


List of New Members 


Ketchbaw, Thomas Fk. (B) 


E—Honorary Member 
F—Life Member 


MILWAUKEE 


Harder, Robert Christian (B) 
Johnson, Gordon (C) 
Seitz, Carl K. (B) 


NASHVILLE 
Tobey, Frank T., Jr. (B) 


NEW JERSEY 


Arbizzani, John D. (B) 
Diller, Charles (C) 
Jones, T. A. (B) 
Lancaster, John (C) 
Portik, Frank (C) 
Premo, Fred C., Jr. (C) 
Shanley, Joseph B. (C) 


NEW YORK 


Aguilar, Joseph (C) 
Barto, Howard S. (B) 
Briggs, Clyde W. (B) 
Davis, Harold 8. (C) 
Delbridge, Chester F. (B) 
Ferrentino, Edward A. (C) 
Maxey, Arthur J. (C) 
Murphy, James L. (B) 
Platz, Robert M. (B) 
Ressa, Pat (C) 

Rogers, William W. (B) 
Roth, Lawrence (B) 
Steck, Paul C. (B) 


NIAGARA FRONTIER 


Brown, Chuck (B) 
Fessel, Kenneth (B) 
Grieser, Harold W. (C) 
Kieffer, Raymond J. (B) 
Poteat, Laurence EF. (C) 
Prieur, Jerome H. (B) 
Stadler, Raymond A. (C) 
Stevenson, Henry (B) 
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Watts, Charles (B) 
Zech, W. (B) 


NORTHEAST TENNESSEE 


Goforth, Johnnie A. (B) 
Guthrie, R. H. (B) 

Hardy, Charlie E. (B) 
Humphries, Jean Willard (B) 
Oglesby, Clyde T. (B) 

Poole, B. (B) 

Potts, Harry E. (B) 

Tedder G. A. (B) 


NORTHERN NEW YORK 


Rafferty, Lawrence M. (C) 
Wessels, John C. (C) 


OKLAHOMA CITY 
Fowler, John (C) 


OLEAN-BRADFORD 


Morris, Byron 8. (C) 


PASCAGOULA 


Fuller, Roland W. (C) 
Martin, C. B. (C) 


PHILADELPHIA 


Bromley, George (B) 
MacGregor, Robert R. (C) 
Sagan, Stanley S. (C) 


PITTSBURGH 


Carioto, A. F., Jr. (C) 
Cooper, F. R. (B) 
Hutchinson, W. R. (B) 
Metcalfe, John W. (B) 
Schuster, R. H. (C) 
Zdrale, Walter F. (B) 


PUGET SOUND 
Beecham, Robert (B) 


RICHMOND 


English, Ernest (C) 
Ramsey, Frank E., Jr. (C 
Sandero J. L. (C) 


ROCHESTER 


Head, Richard J. (B) 
Nudd, Fred A. (C) 


SAGINAW VALLEY 
Nelson, Elmer E. (B) 


SALT LAKE CITY 


McClellan, Hugh D. (B) 
Taylor, T. J. (B) 
Toone, George W. (B) 
Winters, Dean G. (B) 


SAN FRANCISCO 


Alm, Robert D. (D) 
Augsburger, J. A. (D) 
Bartley, John E. (D) 
Chiappino, George Joseph (D) 
De Geus, Richard (D) 
Fuller, Wallace (D) 
Hatcher, Frank L. (D) 
Hughes, John W., Jr. (D) 
Leavitt, Frank V. (C) 
Parker, Ralph L. (B) 
Schield, James H. (D) 
Schmid, Carl T. (D) 
Schumacher, Gerald H. (D) 
Stone, W. J. (D) 

Turk, Richard Watrous (D 


Van Deventer, John Arthur (D) 


Walker, Tom (D) 
Yale, Merrill F. (C) 
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SANGAMON VALLEY 
Golembeck, William Jr. (C 
Jollv, Jesse F. (C) 

Peters, Howard (C) 
Randolph, Paul (C) 
Redding, James (C ) 
Reinholt, William (C ) 
SUSQUEHANNA VALLEY 
Yurkoski, Frank R., Jr. (C) 
SYRACUSE 


MeGowan, Roy B. (C) 
Schmeidicke, Karl C. (C) 
TOLEDO 

Growth, Robert R. (C) 
Priest, Russell A. (C) 
Spresser, Paul M. (C) 
Stowers, Ronald R. (C) 


TRI-CITIES 

Phillips, William H. (C) 
TUCSON 

Smith, Richard L. (B) 


TULSA 


Christopherson, R. H. (B) 
Looney, R. L. (B) 
Robertson, Moin M. (B) 


WASHINGTON 


Lyons, Robert EF. (C) 
Starks, John F. (B) 


WESTERN MICHIGAN 


Bethke, Edward E. (B) 
Francisco, Marvin ©. (C) 


WICHITA 


Fillmore, Ralph (B) 
Holmes, Douglas (B) 
Ralston, Glen (C) 
Stanfield, R. F. (B) 


YORK-CENTRAL PENNSYL- 
VANIA 

Dietz, Nevin B. (B) 

Hessemer, Fritz M. (B) 


NOT IN SECTIONS 

Arp, Marvin G. (B) 

Brillie, Jean (C) 

Butler, Charles (B) 

Calvo, Rafael (B) 
Hancock, Leslie John (B) 
Happe, Willem Fredrik (C) 
Herpol, George A. (B) 
Garritsen, Willem (C) 
Granjon, Henry (C) 
Kadlez, Karl (C) 

Kihn, Nicolas (C) 
Landragin, Gustave Paul (C) 
Lundqvist, Svend (C) 
Perego, Giovanni Paolo (C) 
Mantel, Wilhelm (B) 
Speth, Karlheniz (B) 
Thomas, John Reginald (B 


Members 
Reclassified 

During the month of March 
CINCINNATI 

Foster, George (C to B) 

NEW YORK 

Jungbluth, Josef (C to B 
NORTHERN NEW YORK 
Domina, Frederick H. (D to C 


OKLAHOMA CITY 
Barnes, Marvin J. (C to B 


List of Neu 


If you are looking for improved spot welds, 
increased production and lower costs, it will 
pay you to investigate the famous Diversey 
Pre-Welding Treatment for aluminum now 
. . it’s practical, proved superior, easy and 
surprisingly economical to use! 


Diversey Pre-Welded Treatment is possible 
because of two outstanding Diversey devel- 
opments . . . No. 36 cleaner for removing 
identification markings, grease and _ soil; 
No. 514 deoxidizer for removing oxide and 
heat scale! 


A Diversey D-Man will be happy to show 
you the advantages of Diversey Pre-Welding 
Treatment for aluminum! Noobligation! Write 
today! Complete information is available! 


Members 


SPOT WELDING q 
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number of- spot q 
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Welding Structural Steel 


Bethlehem, Pa.—An attendance of 150 
heard a discussion on “The Welding of 
Structural Steel” by Carl L. Kreidler 
OWS, of the Lehigh Structural Steel 
Co., at the March Ist dinner meeting of 
the Lehigh Valley Section, held at Walp’s 
Banquet Hall in Allentown. Mr. Kreid- 
ler used slides and motion pictures to 
illustrate his talk. 


Selenium Rectifier 


Boston, Mass.—The March meeting of 
the Boston Section was held on Mar. 8, 
1954, at the Westinghouse Auditorium, 
Boston, Mass. After liquid refreshments 
and the usual excellent dinner, about 
ninety members and guests heard Robert 
R. Brunn of the Christian Science Monitor 
speak on “Interpreting the News.” 

After the Coffee Speaker, Charles H. 
Jennings OWS, Chief Engineer of the 
Welding Section, Westinghouse Electric 
Corp., spoke on the ‘‘Development of the 
Selenium Rectifier Electric Are Welder,” 
with the accompaniment of slides showing 
welders from the beginning of electric 
are welding up to the present time. The 
high spot of this interesting talk was the 
showing of ultra-high-speed movies of the 
actual behavior of the arc, in both the flat 
and overhead positions. 

Chairman Brandt announced at this 
time that there will be another outing at 
the South Shore Country Club on the 24th 
of May, similar to the one in 1953, which 
was so well received by the Section. 


Welding Titanium Alloys 


Buffalo, N. Y.—John J. Chyle, Second 
Vice-President QW and Director, Weld- 
ing Research, A. O. Smith Corp., was the 
guest speaker at the March 25th dinner 
meeting of the Niagara Frontier Section, 
held at the LaSalle Yacht Club. Mr. 
Chyle’s semitechnical talk on ‘Practical 
Aspects of Welding Titanium Alloys” 
covered new applications and methods 
which were shown on slides. An attend- 
ance of 97 were present at the meeting 
and 86 at the dinner. 


Submerged Are Welding 


Chicago, Ill.—A very successful meeting 
of the Chicago Section was held on March 
19th. The dinner and social period held 
at Burke’s Grill was attended by 64 mem- 
bers and guests. 
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as relayed to C. M. O’Leary 


The meeting held at the Peoples Gas 
Light and Coke Co.’s Auditorium starting 
at 7:30 P.M. was attended by 140. The 
speaker was Norman Schreiner, @WS9, of 
the Linde Air Products Co., who spoke on 
“Submerged Are Welding.” He discussed 
the electrical hookup necessary for single, 
double and triple electrode welding on one 
joint. The results obtained by varying 
the number of electrodes were brought 
out. Another point of his presentation 
was to show how, by the addition of chrome 
and molybdenum in the flux, a change in 
the weld metal analysis could be brought 
about. Mr. Schreiner gave his usual ex- 
cellent presentation and showed 
thorough knowledge of the subject which 
was further demonstrated when he an- 
swered questions from the floor following 
his talk. 

Preceding the speaker of the evening, 
the movie entitled “Getting There Is Half 
the Fun” was presented. This is a most 
excellent movie and was enjoyed by all. 
Unlike most travel films which quickly 
convey one to a destination and then show 
some country, this film takes one from the 
docks in New York, then aboard the Queen 
Elizabeth and lands one in France or Eng- 
land. It shows life as lived while cross- 
ing the Atlantic aboard the Cunard’s 
superliner. 

Thomas Swisher, Chairman of the 
Chicago Section, announced the resigna- 
tion of John Savage, Linde Air Products 
Co., as Second Vice-Chairman and that he 
had appointed, upon the recommendation 
of the Nominating Committee, Robert R. 
Lincoln, Air Reduction Sales Co., to fill 
Mr. Savage's unexpired term. Mr. Lin- 
coln is Chairman of the Chicago Section 
1954 Golf Outing which will be held at 
Nordic Hills Country Club on June 12th. 


Welding Advances with 
Aluminum 


Cincinnati, Ohio.In an effort to in- 
crease the attendance at the meetings, the 
officers of the Cincinnati Section were re- 
quested to secure at least five members 
apiece and bring them to the dinner. As 
further inducement, one of the members 
secured the services of a network TV artist 
and her assistants and they attended the 
dinner as guests of honor on Tuesday, 
March 23rd, held at the Engineering 
Society Headquarters. The presentation 
of an honorary membership in the Cin- 
cinnati Section, for Miss Doty Mack, 
Pantomine Hit Parade Star, was the high- 
light of the dinner meeting. 
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W. M. Rogerson of Alcoa Process De- 
velopment Laboratories, New Kensington, 
Pa., gave a talk on “Welding Advances 
with Aluminum.” He covered the ap- 
plication of brazing (torch, dip and air), 
oxy-acetylene, oxy-hydrogen, metallic 
stick welding, resistance welding (spot, 
seam, flash), solid phase welding, inert 
tungsten are, inert consumable electrode 
(both manual and automatic) and finally 
the newest method, that of pulling the 
wire to the gun (filler are). His talk was 
illustrated with slides and supplemented 
with a color movie which showed the latest 
development of consumable and noncon- 
sumable electrode welding. 

At the conclusion of the lecture Mr. 
Rogerson set up many samples of brazed 
and welded joints as well as most of the 
Research Supplements of THe 
JouRNAL on welding and forming of alumi- 
num. 

To bring the evening to a climax and ob- 
tain further publicity for the Section, the 
officers of the Section were guests on the 
TV Program “Pantomine Hit Parade.” 

The Section was very gratified and 
justly proud that of a membership of 91, 
they had 56 for the dinner meeting and 88 
for the lecture. 


Annual Ladies’ Night 


Cleveland, Ohio.—Over 150 members 
and guests celebrated the annual Ladies’ 
Night meeting of the Cleveland Section. 
Included in the evening's program were 
dinner, favors, entertainment and danc- 
ing, all taking place at the Allerton Hotel 
on February 10th. Shown in the picture 
(on the next page) are four past chairmen 
of the Cleveland Section. They are (left to 
right) Frank Flocke, Ross Yarrow, Mike 
Shane and John Austin and their wives. 
In the center background are Harold Blum 
and Bill Mayor, members of the Board of 
Directors, and their wives. 


Production Welding 


Cleveland, Ohio.—The regular monthly 
dinner meeting of the Cleveland Section for 
March was held on the 10th in the Mather 
Room of the Hotel Allerton with an at- 
tendance of 85 at dinner and 95 at the 
meeting. “Automation for Welding 
Equipment” was the subject of a talk 
given by J. R. Wirt OS of the Delco- 
Remy Division, GMC, Anderson, Ind. 
Mr. Wirt, who is a welding engineer in the 
Process Department, discussed develop- 
ments in welding machines, controls ana 
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Cleveland Annual Ladies Night 


tooling. The main part of his talk covered 
handling equipment and the coordination 
of welding equipment with other equip- 
ment to reduce handling. 

Coffee speaker, George Campbell, of the 
Public Relations Department, Cleveland 
Electric Iluminating Co., gave an impres- 
sive talk on his experiences before regain- 
ing his evesight after having been blind for 
18 vears. 


Selection of Proper Electrodes 


Dallas, Tex.—‘‘The Selection and Use 
of Proper Electrodes”’ was the subject of a 
technical paper presented by E. B. Lutes 
of the Arcrods Corp., at the 
January 27th meeting of the Dallas Sec- 
tion, held at the Torch Restaurant. Mr. 
Lutes used slides to illustrate his excel- 
lent talk. 

A special feature of the meeting was the 
showing of a sound color film entitled 
“Highlights of Southwest Conference 
(Football),” through the courtesy of the 
Humble Oil and Refining Co. of Dallas. 


Quality Control 


Dallas, Tex.—Following a steak dinner 
at the Delta Restaurant, 48 members of 
the Dallas Section heard an _ excellent 
paper on the subject “Shop Inspection 
and Quality Control of Welding” as pre- 
sented by D. L. Shall, @W9 of the 
Humble Oil and Refining Co., Baytown, 
Tex. 

Mr. Shall’s talk was supplemented by an 
excellent sound color film entitled ‘“Weld- 
ing at Baytown” which was shown through 
the courtesy of the Humble Oil and Re- 
fining Co. 


Resistance Welding 


Dayton, Ohio.—The March meeting of 
the Dayton Section was held on the 8th at 
the Dayton Engineers’ Club. Clarence 
D. Shultheis @WS, Welding Engineer, 
Frigidaire Division of GMC, gave a brief 
history of welding at Frigidaire in order to 
show how the increased production sched- 
ules in past years have been paralleled by 
an increased application of resistance 
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welding. Slides were used to illustrate 
the many applications used at Frigidaire. 

A film entitled “Operations Blue Jay” 
describing the building of the air base at 
Thule, Greenland, was shown through the 
courtesy of the U.S. Army. 


Design for Silver Brazing 


Denver, Colo.—Alden W. Swift @W9, 
of Handy and Harman, N. Y., was the 
guest speaker at the March 4th dinner 
meeting of the Colorado Section, held in 
the Dutch Room of the Adams Hotel. 
Mr. Swift’s semitechnical talk on “De- 
sign for Silvery Alloy Brazing” was il- 
lustrated with motion pictures. 

Before the meeting, a film entitled 
“Welding of Aluminum” was shown 
through the courtesy of the Aluminum 
Company cf America. 


Copper and Titanium 


Des Moines, Iowa.—J. J. Chyle, 2nd 
Vice-President and Director of 
Welding Research, A. O. Smith Corp., 
Milwaukee, spoke before the March 18th 
dinner meeting of the Jowa Section held 
at the New Pastime Club. Mr. Chyle’s 
topic covered the ‘Welding of Copper and 
Titanium” metals. By means of many 
slides and factual accounts, he enumerated 
the story of these metals from their early 
history to present-day usage in the welding 
field. 

Beginning with the method of smelting 
and refining, Mr. Chyle explained the 
basic processes involved and the end 
products or grades of metals available. 
The mechanical and physical properties 
along with recommended process charts 
were shown in detail and explained to the 
many viewers. 

The equipment, types of electrodes, 
types of gases and types of welding cur- 
rent were also emphasized along with the 
exact welding procedure peculiar, individ- 
ually, to both copper and titanium. One 
important technique in welding copper is 
that of “Direction of Travel.” Cracks are 
found to prevail in the forehand method 
but will not appear in the backhand 
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method where the filler metal is added to 
the weld puddle behind the are resulting 
in a more gradual cooling rate. When 
added in front of the are, it is felt that the 
parent metal expansion from heat causes 
larger stresses to be set up when the pud- 
dle solidifies thus causing the cracks to 
develop. Titanium, on the other hand, 
remains unaffected by either the forehand 
or backhand travel technique. 


Ladies’ Night Party 


Detroit, Mich.—Friday night, May 14th 
and Saturday night, May 15th, at 6:00 
P.M., have been set aside for the Ladies’ 
Night Party by the Detroit Section. The 
party will be held at the Latin Quarter and 
will include dinner, door prizes for the 
ladies, favors, dancing and floor show. 
J. R. Stitt, Secretary-Treasurer of the 
Section, is in charge of the reservations. 


Hard Surfacing 


Detroit, Mich.—At its meeting of Feb- 
ruary 12th, the Detroit Section was ex- 
tremely fortunate in having an outstand- 
ing speaker in the person of Howard 8. 
Avery WS, Research Metallurgist of 
the American Brake Shoe Co., Mahwah, 
N. J., in presenting an extremely difficult 
subject, namely, “Hard Surfacing to 
Minimize Industrial Wear.”” The subject 
was extremely well presented with pro- 
ficient use of illustrative slides. 

The dinner meeting was held at the 
Engineering Society of Detroit. Coffee 
speaker was Lawrence Loffman, State 
Agent for the Royal Liverpool Group, who 
touched on the subject ‘Your Insurance 
Troubles.” 

The evening was a very worthy one. 


Powder Cutting 


Erie, Pa.— A semitechnical talk on the 
subject ‘Powder Cutting” was given by 
T. G. Kells OWS, Service Engineer for 
the National Cylinder Gas Co., at the 
March 17th dinner meeting of the North- 
western Pennsylvania Section, held at the 
Summit Hotel in Erie. 

The increased use of stainless steel and 
nonferrous alloys has presented a problem 
to the metal working industry. ‘‘Fero- 
jet,”’ a powder cutting process, developed 
by the National Cylinder Gas Co., pro- 
vides a method of torch cutting these 
alloys. This process was described by 
Mr. Kells and the equipment used was 
displayed. 

Through the courtesy of the Anaconda 
Copper Mining Co., a sound color film 
entitled “The Story of Chile Copper,” 
was shown after the meeting. 


Panel Quiz 


Grand Rapids, Mich.—The First An- 
nual Quiz Night held by the Western 
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Michigan Section on March 22nd was 
such an excellent meeting that the mem- 
bers voted to hold another one next year. 

The Panel members who took part in 
this first quiz were: Stuart Spice, Buick 
Motors; Jim Williams, Buick Motors; 
Keith Sheren, Taylor-Thompson Machin- 
ery Co.; N. A. Reinke, Ionia Manufactur- 
ing Co.; Mr. Griffin, United Steel & 
Wire, and Dick Brennan, Hayes Mfg. 
Corp. Moderator was John Borman, 
Clark Equipment Co. 


Plant Visit 


Houston, Tex.—A plant visit to the 
Wyatt Metal and Boiler Works was made 
by 39 members of the Houston Section on 


March 24th. 


Sabine Division 


Houston, The third meeting of 
the Sabine Division of the Houston Section 
was held on March 25th in the Sky Room 
of the Edson Hotel in Beaumont, Tex., 
with an attendance of 87 at the dinner 
and meeting. 

W. G. Theisinger QS, of the Theger 
Co., Houston, presented an excellent 
semitechnical discussion on “The Manu- 
facture, Fabrication and Use of Clad 
Plates.”’ Slides were used to illustrate 
Mr. Theisinger’s talk. 

Two sound color films entitled “Magic 
Wand of Industry” and “Building for the 
Nation” were shown through the courtesy 
of the Lincoln Electric Co. and U.S. Steel. 


Spot-Welding Titanium Alloys 


Indianapolis, Ind.—An exceptionally 
interesting talk was given on the “Spot 
Welding of Titanium Alloys” (Tue 
Wetpinc JourNnat, 32(11), 1057(1953)) 
by E. F. Holt WS, Chief Engineer, 
Welding Division of P. R. Mallory and 
Co., Ine., at the February 26th meeting 
of the Indiana Section. 

The program was preceded by dinner at 
Buckley's Restaurant and an entertaining 
travel picture was shown by E. O. Smith, 
Hobart Are Welding Equipment Co., 
Indianapolis, Ind. 

Charles Moulton was introduced as a 
new member. 

Forty-five members and guests attended 
this meeting. 


Alloy Electrodes 


Long Beach, Calif..Richard K. Lee 
AWS, Vice-President of Alloy Rods Co., 
gave an excellent extemporaneous talk on 
“Recent Developments in Alloy Elec- 
trodes” at the February 19th dinner meet- 
ing of the Long Beach Section, held at 
Millers Restaurant. 


Resistance Welding 


Los Angeles, Calif.—The March 4th 
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meeting of the Aircraft and Rocketry 
Welding Panel of the Los Angeles Section 
was called “San Diego Night” in that the 
program was sponsored by the members of 
the San Diego aircraft industry. Tom 
Bradley, A&RWP Vice-Chairman, pre- 
sided over the meeting as San Diego's 
representative. 

The technical discusser for this evening 
was Dennis Samuelson MWS of the Solar 
Aircraft Co. in San Diego. Mr. Samuel- 
son’s talk entitled “Welding Multiple 
Thicknesses by Resistance Welding,” 
centered about the production of P2V 
Nacelles by spot welding. The Nacelle is 
made from Type 302 stainless steel sheet, 
0.030 to 0.060 gages. Many closing june- 
tions of the transverse and longitudinal 
ribs and skins are “pile-ups.”” These 
‘‘pile-ups” range from 3 to 7 various gages. 

Before discussing the type of equipment 
and welding procedures, Mr. Samuelson 
talked at length about quality control and 
inspection requirements. Several charts 
were shown giving a bird’s-eye view of the 
astronomical costs involved in making test 
specimens for machine certifications. The 
fabrication specifications covering resist- 
ance welding require both macro and ten- 
sion shear tests. Mr. Samuelson felt 
that one of these requirements could be 
eliminated, specifically the tension shear 
test. Innumerable tests logged from 
production schedules have shown that the 
T/S ratio of spot welds are very closely 
related to corresponding spot-weld macros. 

Many slides of 3 and 4 pile-up macros 
and 7'/S strength charts were shown. As 
these numerable macros and charts were 
discussed and explained it became ap- 
parent that continuous 7/S checks were 
not needed. The 7'/S tests were only re- 
quired to check the welder at each shift 
change. 

The conclusions of Mr. Samuelson’s 
lecture were: (1) As the weld nugget 
diameter increases the tension shear 
(T/S) value increases. (2) The electrode 
diameter equals 2¢ + 0.010 in., but due to 
practicability the electrode general never 
falls below °/3. in. in diameter. (3) “‘Pile- 
up” spot welds give higher 7'/S values. 


Quiz Panel 


Louisville, Ky.—The regular monthly 
meeting of the Louisville Section was held 
on March 23rd at Korfage’s Tavern. 

Following the dinner, a quiz panel ses- 
sion took place, which was a most interest- 
ing discussion. The quiz panel was com- 
posed of the following four men: James 
J. Hennessey General Electric 
Co.; Joseph X. Merkt OWS, Air Re- 
duction Sales Co.; Harrington C. Powers 
WS, American Air Filter, and J. T. 
Saiter WS, Linde Air Products Co. 

Questions were written by members and 
guests on cards provided before the meet- 
ing began. Provision was made so that 
those thinking of additional questions 
during the quiz session could write them 
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on the cards which were collected by an 
assistant and given to the moderator. 

The Moderator was Everett 8. Elwood 
QWS, of General Electric Co., who-read 
all questions from the cards to the panel. 

Time was alloted at the end of the meet- 
ing for verbal questions and discussion. 
This was a most interesting and informa- 
tive meeting. 


Testing Welded Products 


Milwaukee, Wis.—For the February 
meeting, held on the 26th, the Milwaukee 
Section returned to its regular meeting 
place, the Rathskeller of the Ambassador 


Hotel. Cocktails were served prior to the 
dinner, which was exceptionally well 
attended. 


After dinner, Fred Robers of the Sport 
Diver Co., which represents the U. 3. 
Divers Co. in this area, spoke on the sub- 
ject “Aqualung.” He explained that the 
aqualungs are used primarily for sport 
purposes—fishing and exploring under- 
water. In his discussion, starting with 
the historical background of its develop- 
ment in France, he continued with a de- 
scription of its use, cost, apparel, physical 
conditioning, mechanical parts, ete. After 
his talk, everyone wanted to take up 
diving with an aqualung as a hobby. 

The technical speaker was William J. 
Poehlman Director of the Analyti- 
cal Research Laboratory at the A. O. 
Smith Corp. and a member of the teaching 
staff of the Physies Department of Mar- 
quette University. The subject of his 
address was “Nondestructive and An- 
alytical Testing of Welded Products” for 
which he is well qualified since he is con- 
sidered an outstanding authority on the 
subject. His presentation was broad in 
scope covering the development of present 
day methods and instruments from the 
time when a hammer was used in the rail- 
roads to test for cracked rails and ending 
up by summarizing the latest methods of 
nondestructive testing and analysis and 
their interpretation. The problems en- 
countered in bulk sampling, economical 
inspection, proper interpretation, instru- 
mentation and man power were discussed 
relative to their importance in quality 
control inspection and production depart- 
ments to assure management a profitable 
end product which is both competitive 
and has high consumer acceptance. The 
address covered the entire field of nonde- 
structive testing by X-rays, spectrographic 
analysis, X-ray diffraction, ete., and was 
well illustrated with slides. 

The meeting was adjourned by Chair- 
man Werner Gallo after expressing the 
Section’s sincere appreciation to the 
speaker. 


Job Shop Welding 


New York, N. Y.—‘“‘Job Shop Welding” 
was the subject of a panel discussion 
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this finer 
cutting torch 


multiple mixer in torch head... 
it offers greater safety and 
greater efficiency ... 


A cutting torch mixer may be located either within the 
torch handle, the torch tubes or the torch head. When 
located within the handle or the tube, the mixer is situ- 
ated in close proximity to the operator’s hands; no 
torch, however, need be held by its head. 


And, besides, there is plenty of metal in that torch head 
to permit for an added advantage: Multiple Mixing. 
By breaking up the streams of the low pressure oxygen 
as well as the fuel gas into several separate channels, 
the port diameters are lessened, thus offering greater 
flash-back resistance. 


This modern, patented, Multiple Mixing in the torch 
head is costlier to manufacture but it eliminates the 
need for a separate mixer, leaky seats and joints, and 
years of experience in shop and field have proved the 
outstanding excellence of this patented design feature. 
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program presented to the New York Sec- 
tion on March 9th. C. A. Rose, Welding 
Foreman, A & P Metal Products, Inc., 
New York; J. Igoe, Welding Supervisor, 
The Hallen Co., Ine., Long Island City; 
and T. B. Jefferson, Editor, The Welding 
Engineer, Chicago, Ill., formed the panel 
of prominent job shop welding experts. 
Each panel member gave an introductory 
talk on one phase of job shop welding 
and then the meeting was devoted to 
questions from the audience. J. E. 
Mooney, of the New York Trade School, 
served as Technical Chairman and, as 
usual, was an outstanding chairman, keep- 
ing a lively discussion going, injected 
liberally with the usual “Mooney” humor. 

An extra vote of thanks is due Mr. Jef- 
ferson in that he was a “pinch hitter’’ in 
the program as one of the speakers origin- 
ally scheduled was unable to attend the 
meeting. Mr. Jefferson is a past-chair- 
man of the Chicago Section AWS. 

The meeting was held at Schwartz's 
Restaurant, 54 Broad St., New York 
City, where dinner was served prior to the 
technical session. 


Activation Meeting 


New York, N. Y.— The Long Island 
Division of the New York Section held an 
Activation Meeting on Mar. 2, 1954, at 
the Long Island Agricultural & Technical 
Institute, Farmingdale, L. I. Present 
were J. Alvar, F. G. Bell, C. W. Berry, 
C. W. Briggs, H. R. Gordon, T. F. Im- 
holz, J. Jungbluth, N. Kopchinski, H. 
Leary, A. C. Lodestro, W. C. MacLaury, 
hk. W. Moles, F. J. Mooney, Ek. B. Morris, 
J. Noear, R. M. Platz, W. W. Rogers, A. 
A. Strickland, L. Van Kollem, D. White- 
law and A. G. Wood. 

The opening address was given by Ek. W. 
Moles, Acting Chairman, who outlined 
the purposes of the group to be formed as 
the Long Island Division of the New York 


Section. Mr. Moles advised that the New 
York Section had advanced $25 for initial 
expenses and would shortly send out cards 
to all members of the New York Section 
calling attention to the organization of the 
Long Island Division. 

Earl B. Morris, Acting Chairman of the 
combined Program and Arrangements 
Committee, advised that arrangements 
have been completed for a dinner meeting 
to be held Tuesday evening, April 27th, at 
Wheatley Hills Tavern, in Westbury. 

Messrs. Berry and Morris, who have 
been handling publicity for the Activation 
Committee, advised that announcements 
and articles would be published in house 
organs, magazines and newspapers. 

Various acting committees were formed 
and are listed in their order of formation 
at the meeting: 


MeMBERSHIP COMMITTEE 

Chairman: J. Jungbluth assisted by 
L. Van Kollem. 
Pusiiciry CoMMITTEE 

Chairman: L. Roth assisted by H. 
Leary. 
By-Laws CoMMITTEE 

Chairman: R. M. Platz assisted by 
C. W. Briggs and lk. W. Moles. 
TecunicaL ReprReESENTATIVE: T. F. 


Imholz. 
COMBINED ARRANGEMENTS AND 
PROGRAM COMMITTEE 

Chairman: ¥. B. Morris assisted by 


J. Alvar, C. W. Berry, H. R. Gordon, 
N. Kopchinski, A. C. Lodestro, W. C. 
MacLaury and D. Whitelaw. 
ATTENDANCE COMMITTEE 

Chairman: H. R. Gordon. 


F. J. Mooney, Assistant Secretary-As- 
sistant Treasurer of the AMERICAN WELpD- 
ING Socrety, addressed the gathering and 
reviewed the purposes and scope of the 
Society, its history and the immediate 
future program on a national basis. He 
also detailed the various types of member- 
shins in the Socrery. 


George F. Chapline (second from left), Fairchild Engine and Airplane Corpora- 
tion Vice-President, congratulates S. T. Walter, Chairman, New York Section, 


marking formation Long Island Division. 
Technical Secretary and F. J. Mooney, Asst. Secretary, AWS 
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Also shown are S. A. Greenberg, 
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Stag 


New York, N. Y.—The Annual May 
Stag dinner under the auspices of the Vew 
York Section will take place on May 28th. 


Weldments 


Olean, N. Y.—The March meeting of 
the Olean-Bradford Section was held on 
Monday evening, March 22nd, at The 
Castle, Olean. 

Forty-five members and guests ate 
dinner at 7:30 P.M. after which the meet- 
ing was addressed by John Mikulak 
AWS, Assistant to Vice-President in Charge 
of Manufacturing, Worthington Corp., 
Harrison, N. J. His subject “Designing 
for Tooling and Fabrication of Weld- 
ments” was illustrated with 42 slides. 

The consensus was that Mr. Mikulak’s 
presentation was outstanding and of ma- 
terial benefit to his listeners. The Section 
feels deeply indebted to Mr. Mikulak for 
his time and the benefit of his broad ex- 
perience. 


Rectifier Welder 
Pascagoula, Miss. —The regular 


monthly dinner meeting of the Pascagoula 
Section was held on March 3rd, at the In- 
galls Shipyard *Cafe. A “down-to-earth” 
technical discussion of the basic principles 
of the rectifier type welder, couched in 
language that is readily understood by 
welding engineers and operators not too 
familiar with complex electrical theory, 
was given by G. K. Willecke OWS of the 
Miller Electric Manufacturing Co., Ap- 
pleton, Wis. Mr. Willecke is a co-de- 
signer of this welder and served as chair- 
man of an industry technical subcommittee 
to study and make recommendations on 
the problems of high-frequency stabilized 
welders. 


History of Welding 


Peoria, Ill.—The Central Illinois Section 
held its March dinner meeting on the 17th 
at the New Sazarac. ‘‘The Importance of 
Welding Circuit Efficiency” and ‘History 
of Welding,” based on the history and de- 
velopment of the welding industry cover- 
ing equipment, materials and methods, 
were presented by Roy W. Poe 3, Sales 
Manager, Tweco Products Co., Wichita, 
Kan. This proved to be a very interesting 
subject. 

G. I. Swift, Assistant Factory Manager, 
Steel Fabrication, Caterpillar Tractor Co., 
Peoria, was the technical chairman and in- 
troduced the speaker. 


History of Brazing 


Pheonix, Ariz.—The Arizona Section 
held its March meeting at the Silver Spur 
restaurant on Wednesday, the 17th. 


THe WELDING JOURNAL 


A 
2 & 
AAs 
> 
2 
af 
| 
LF 
>: 


7 CRUCIBLE 
Original die after 
REXWELD 


hard surfacing rods 


increased forging die life 
OVER 400% 


By Rexwelding, R. G. LeTourneau, Inc., 
Longview, Texas, increased the life of its 
production dies over 400%. The dies shown, 
for example, used to forge a plug adapter 
of SAE 1030 steel at 2350 F, had to be re- 
moved from the press after forging 3100 
pieces because of excessive wear and heat 
checking. The same die, after worn areas 
were machined out and faces built up with 
Rexweld-A hard surfacing rod, produced 

b some die otter We 9300 pieces. 

Rexwelding and forging @ You can do the same in your shop. You'll 
9300 pieces find that Rexwelded dies have higher edge 
. = strength at elevated temperatures, and re- 

Ye sist chipping, deformation and heat check- 
ing better. And parts can be Rexwelded over 
and over. 

So, use Rexweld Rods on your next hard 
surfacing application. They are available 
in both bare rods and low hydrogen coated 
electrodes, in a wide range of grades and 
sizes. Call your local Crucible representa- 
tive — he can provide a grade of Rexweld 


adapted to your specific job. 


/ 


| C UJ C 3 LE | first name in special purpose steels 
54 years of.  REXWELD HARD SURFACING ROD 


CRUCIBLE STEEL COMPANY OF AMERICA, GENERAL SALES OFFICES, OLIVER BUILDING, PITTSBURGH, PA. 


REX HIGH SPEED * TOOL °* = REZISTAL STAINLESS ° ALLOY © MAX-EL ° SPECIAL PURPOSE STEELS 
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The guest speaker of the evening was 
A. M. Thompson @S, Sales Engineer, 
Fabriform Metal Products, Los Angeles, 
Calif., who spoke on the “History of 
Brazing.” Mr. Thompson’s talk was well 
prepared and enthusiastically received. 
It covered the origin of brazing, its de- 
velopment, methods of heating, types of 
materials, shop practices and special con- 
siderations often required in unusual de- 
signs. 

A film entitled “Miracles in Metals” 
was also presented showing the various 
types of furnaces used for copper and silver 
brazing. 

Accompanying Mr. Thompson was 
Mario Blick, General Manager of Fabri- 
form, who supplemented Mr. Thompson's 
presentation by giving additional informa- 
tion on brazing and answering questions. 

All present agreed that the meeting was 
most worth while and appreciated the fine 
quality of the evening’s program. 


Developments in Electrodes 


Portland, Ore.—The fifth meeting of 
the Portland Section of the current season 
was held on February 24th at the Heath- 
man Hotel. The meeting was presided 
over by Neeley Wood, Program Chairman. 

A social hour preceded the dinner, 
which was followed by a short business 
session and announcements. Prior to in- 
troduction of the speaker, a film entitled 
“No Finer Electrodes Made’ was shown 
through the courtesy of the Alloy Rods Co. 

The speaker of the evening was R. K. 
(Dick) Lee OWS, Vice-President of Alloy 
Rods Co., York, Pa. <A highly informa- 
tive and interesting talk on “Recent De- 
velopment in Alloy Electrodes” was en- 
joved by 52 members and guests. 


Nickel Alloys and Cast Iron 


Saginaw, Mich.—Approximately 66 
members and guests of the Saginaw Valley 
Section attended the dinner meeting held 
on March 11th at the High Life Inn in 
Saginaw, to hear K. M. Spicer AWS of the 
International Nickel Co. Right after 
dinner, a movie entitled “Greentree 
Thoroughbred” was shown depicting the 
life of a thoroughbred race horse from the 
day it was born to successful performance 
on a race track. 

Mr. Spicer’s talk covered the mainte- 
nance welding of nickel, high nickel alloys 
and cast iron, using the various welding 
processes which included metallic are, 
inert are and oxy-acetylene. Illustrations 
of the proper joint design and fit-up were 
shown together with improperly welded 
joints. Cleaning parts before welding was 
also stressed, especially from the sulfur 
and lead bearing materials which cause 
embrittlement of the weld whenever 


proper cleaning methods are not employed. 
Silver brazing, testing of welded speci- 
mens and the welding of cast iron and 
ductile iron was also covered. 
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Inert-Metal Are Welding 


St. Louis, Mo.—The February 12th 
dinner meeting of the St. Louis Section 
was held at the Forest Park Hotel. Cock- 
tails were served prior to the dinner. 
Ninety members and guests heard an ex- 
ceptional talk by Aksel Gander @WS, 
Process Representative, Air Reduction 
Sales Co., St. Louis, and saw an excep- 
tional movie on the subject ‘‘Inert-Gas 
Metal-Are Welding.” 


The color film was made at extremely 
high shutter speed and projected at such 
slow speed that the actual deposition of 
the electrode particles could be observed. 
The effects of variation of current settings, 
gases and polarity could be readily deter- 
mined. 


Mr. Gander explained that there are 
two methods of inert-gas metal-are weld- 
ing; namely, the tungsten are process and 
the consumable type of electrode process. 
He also explained the history of the proc- 
ess, in that for some time there has been a 
demand for some process of welding non- 
ferrous materials, particularly aluminum, 
other than the ordinary processes. He 
said that Airco did considerable research to 
fill this demand during the war and that 
the U. S. Navy was the first to use con- 
sumable type of electrode for inert-gas 
metal-are welding. This was used for 
aluminum, and he said that this process 
works especially well on aluminum. 


He also pointed out that either a hand 
gun or an automatic welding head could 
be used for this purpose. 


Mr. Gander said that according to their 
experiments, when welding zirconium and 
titanium, they have found that best re- 
sults are obtained by using an auxiliary 
gas field to give more complete gas cover- 
age. 


He also pointed out that the extremely 
high current densities used in this process 
make very good fit-up a necessary req- 
uisite. He explained that with this 
process a smaller bevel can be used than 
for ordinary processes. Mr. Gander 
stated that on nonferrous material argon 
or helium are equally good. He said that 
at the present time, his company is ex- 
perimenting with use of mixed gases. 
The speaker also stated that this process 
can be used on copper, austenitic stainless 
steels, magnesium, bronze, Monels, nickels 
and clad materials, in addition to the 
aluminum for which it was first designed. 
It can also be used to weld mild steel to 
meet the ASME Pressure Vessel Code. 


He pointed out that in welding bronze, 
a stranded spiral type of wire is used. 
The speaker also pointed out that in many 
cases, the addition of oxygen to the inert 
gas is beneficial, because it has a wetting 
action which improves arc stability. He 
said that oxvgen is added on the order of 
2 to 5%. 
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Welding Electrodes 


San Francisco, Calif.—The regular 
monthly dinner meeting of the San Fran- 
cisco Section for February was held on the 
23rd at El Curtola in Oakland. Following 
a “Goodfellowship” hour and dinner, an 
excellent coffee talk was given by T. B. 
Jefferson WS, Editor of The Welding En- 
gineer. 

Technical speaker was R. K. Lee AWS, 
Vice-President of the Alloy Rods Co., 
York, Pa. Mr. Lee very capably dis- 
cussed and illustrated the uses and misuses 
of alloy welding electrodes of stainless and 


low-alloy steels. 


Titanium 


San Francisco, Calif. The 
monthly dinner meeting of the San 
Francisco Section for January was held on 
the 25th at the Engineers’ Club with an 
attendance of 81 at dinner and 84 at the 
meeting. Following the usual ‘‘Good- 
fellowship” hour and dinner, the meeting 
was opened at 7:45 P.M. with an excellent 
illustrated discussion on “Titanium, Metal 
of the Future’ by Ward W. Mink- 
ler, Sales Metallurgical Engineer, Titan- 
ium Metals Corporation of America. Mr. 
Minkler covered the processing, applica- 
tion, fabrication and welding of pure and 
alloyed titanium. Current fabrication and 
welding practices as well as major applica- 
tions and reasons for choosing titanium 


regular 


over less expensive materials were covered 
as well as the limitations of titanium. 
Samples of welded titanium were available 
for inspection. Also shown was a film 
entitled “Modern Aircraft”’ which featured 
descriptions and flight. performance of the 
latest British Military Aircraft. 


Low-Temperature Alloys 


Seattle, Wash.—The March 11th din- 
ner meeting of the Puget Sound Section 
held at the Engineers’ Club was addressed 
by J. Marden of the Eutectic Welding 
Alloys Corp. Mr. Marden’s excellent 
talk on “Bonding with Low-Temperature 
Alloys” was presented extemporaneously. 
A sound color film was shown in conjunc- 
tion with the talk. 


Pressure Vessels 


Sheffield, Ala.—The 7'ri-Cities Section 
held its February meeting on the 25th 
at the TVA Auditorium in Sheffield. 
Speaker was R. A. Davis AWS, District 
Engineer, Chicago Bridge and Iron Co., 
Birmingham. Mr. Davis discussed the 
subject “Fabrication of Pressure Ves- 
sels,”’ 


Hard Surfacing 


Shelton, Conn.—The March dinner 
meeting of the Bridgeport Section was held 
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on the 18th at Rapps Restaurant in Shel- 
ton. Speaker was Howard 8. Avery 
AWS, Research Metallurgist, American 
Brake Shoe Co., Mahwah, N. J. Mr. 
Avery spoke on “Hard Surfacing to 
Minimize Industrial Wear.”’ 


Brazing 


South Bend, Ind.—The Michiana Sec- 
tion spent the last two meetings concen- 
trating on the use of copper base brazing, 
welding and overlay operations, as well as 
brazing done with other materials. On 
February, the 18th, F. Garriott 
of the Ampco Metal Co., Milwaukee, Wis., 
spoke on ‘Jobs You Can Do with Bronze 
Klectrodes and Filler Metal,” while 
March the 18th brought L. D. Richardson 
AWS, Eutectic Welding Alloys Corp., 
Flushing, N. Y., who spoke on “Brazing.” 

Mr. Garriott mixed a little prestidigita- 
tion in with a technical discussion of the 
use of aluminum bronze and other copper 
alloy electrodes to bring in the uses of 
these alloys. He emphasied the impor- 
tance of knowing the base metal with which 
you are working and the properties re- 
quired in the joint or overlay in order to 
obtain the best possible job. It is further 
important to recognize the deposition 
characteristics of the different rods, for 
there is no universal rod or method that 
can be applied to every job and come out 
satisfactorily. Take preheating, for in- 
stance. Tron and nickel base alloys are 
heated to 200-300°, bronzes to 300-400°, 
brasses to 500-800° and copper to 800 
1000°, while you must use the higher 
temperature for a joint between dissimilar 
metals. Current likewise varies in the 
same order that the preheat temperature 
does. 

These alloys are quite versatile in that 
they can be deposited by metal are, carbon 
arc, inert-gas tungsten arc, inert-gas con- 
sumable electrode and submerged are 
methods as well as with oxy-acetylene. 

Mr. Richardson confined his remarks to 
the brazing and soldering fields, applica- 
tion mostly by oxy-acetylene. He also 
stressed the fact that there is no one ma- 
terial that suits all conditions, the perfect, 
universal brazing material being strictly 
a figment of the imagination. The use of 
the proper flux was noted as being of ut- 
most importance. By means of a few 
samples and some tin-lead solder, he 

demonstrated the difference between fluxes 
in aiding the brazing material to wet and 
adhere to the base metal 

Numerous slides were shown of jobs 
that can be done with brazing methods. 


Pipe Welding 
Springfield, Ill.—The Sangamon Valley 


Section held its March dinner meeting on 
the 9th at the Mill Tavern in Springfield. 
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A semitechnical talk on “Pipe Welding in 
Petroleum Industry” was given by Albert 
W. Zeuthen AWS of the Socony Vacuum 
Oil Co. 


Submerged Are Welding 


Syracuse, N. Y.—The Syracuse Section 
met on March 10th and approximately 60 
members and guests were present. Tech- 
nical speaker was Harry J. Bichsel OWS, 
Design Engineer for Westinghouse Elec- 
tric Corp., who spoke on ‘Applications for 
Submerged Are Welding.”” Mr. Bichsel 


Speaker H. J. Bichsel 


gave a brief history of automatic welding, 
outlining the development of processes 
and equipment leading to submerged are 
welding. Bare wire and coated wire 
welding were covered briefly to contrast 
these older processes with the subject. 
Limitations of type of seams, joint design 
and fixture design were discussed. Selec- 
tion of wire diameter, voltage, current 
and speed were considered, Effects of 
straight and reverse polarity de were dis- 
cussed with a comparison to a-c power 
supplies. Some typical joint designs were 
shown. Several different methods of pre- 
paring plate edges were discussed as well 
as backing methods and standard work- 
handling tools. 


Certification of Welders 


Tucson, Ariz.—The 7'ucson Section held 
their regular monthly meeting on March 
16th at the University of Arizona’s 
Mechanical Engineering Department. 

Prof. William C. Currie, the Section’s 
Technical Secretary, presented a very in- 


Section News and Events 


teresting program. With the assistance of 


three of his students, Prof. Currie showed 
the members the procedures used in certi- 
fying of welders and the equipment used 
to test weld deposits. 

Weld samples were tested for tensile 
strength, yield point and elongation as 
well as bend bar tests. Following this 
very interesting talk and demonstration, 
Prof. Currie showed the members the 
technical library of the Section which he 
maintains in his office. 


Welding Electrodes 


Tucson, Ariz.—The February meeting 
of the Tucson Section was held on the 16th 
at the Tucson Municipal Golf Course Club 
House. An excellent talk was given by 
R. K. Lee @WS, of the Alloy Rods Co., 
on “Recent Developments in Alloy Weld- 
ing Electrodes.’ This is one of the most 
interesting talks the Section has had the 
privilege to hear. Mr. Lee’s talk was well 
illustrated with slides and sound films. 


Bronze Electrodes 


Tucson, Ariz.—The Tucson Section held 
its regular monthly meeting on January 
19th at the Tucson Municipal Golf Course 
Club House. F. EF. Garriott BWS, of the 
Ampco Metal, Inc., gave a presentation of 
general shop interest and described the 
general usage of bronze electrodes and 
filler rods and the selection of the proper 
one for specific applications. His talk 
covered the usage of these electrodes for 
the joining of iron-base metal, dissimilar 
metals, overlay welding for bearings, wear 
and corrosion-resisting applications. 

Mr. Garriott’s talk was very interesting 
and well illustrated with slides. 


Welding Movie 


Worcester, Mass.—The March dinner 
meeting of the Worcester Section waa held 
on the first at the Tower House. A non- 
technical talk was given by A. Andre 
Gelinas, Assistant District Attorney. Mr. 
Gelinas told of some interesting incidents 
which came up in court. 

Through the courtesy of the Worcester 
Chamber of Commerce, a sound color film 
entitled “Distortion” and “‘Welding Comes 
to the Farm’’ was shown before the meet- 
ing. 


Fillerare Welding 


Youngstown, Ohio.—The Mahoning 
Valley Section held its March dinner 
meeting on the 18th at El Rio Restaurant. 
An excellent semitechnical talk on the 
subject ‘Fillerare Welding” was given by 
R. W. Tuthill QV, Welding Engineer for 
the General Electric Co. 
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It’s this simple: Mark the work- 
piece with the proper Tempilstik® 
When the mark melts, the specified 
temperature has been reached. 
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Specify temperatures 
of interest te yeu. 
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Worked Steels 


by A. R. Troiano and L. J. Klingler 


Summary 


Steel that has been rolled or forged does not have the same 
mechanical properties in all directions. This directionality is 
called anisotropy and occurs in both cold-worked and hot-worked 
steel. In pressure vessel steels the greatest interest is in the 
properties parallel to and transverse to the rolling or forging 
direction. 

In rolled, forged or otherwise hot-worked steel, the tensile and 
vield strength exhibit little or no directional properties over a 
wide range of testing temperatures including subzero tempera- 
tures. However, other related tensile properties usually show 
anisotropy. Both elongation and reduction of area, for instance, 
decrease markedly as the angle between the test specimen axis 
and the rolling direction increases and approaches 90 degrees. 

All notch properties exhibit directionality and invariably are 
inferior in the transverse direction, although the magnitude of 
the difference will, in some cases, depend upon the test employed 
and the criteria selected for comparison. This applies to the 
transition temperature, which may be considerably higher for 
specimens in which the notch is parallel to the direction of rolling 
than for specimens notched transverse or perpendicular to the 
direction of rolling. There is some indication that fatigue prop- 
erties also are affected. 

The extent to which hot-worked steels exhibit anisotropy 
depends upon many variables. One of these is the amount of 
reduction in working. It has been demonstrated repeatedly 
that reduction by forging up to 3:1 or 4:1 improves both longi- 
tudinal and transverse properties (tensile and yield strength 
excepted). With continued reduction beyond this ratio the 


A. R. Troiano is Head, Department of Metallurgical Engineering, Case In- 
stitute of Technology, Cleveland, Ohio. L. J. Klingler, formerly Senior Re- 
search Associate, Case Institute of Technology, is now Research Engineer, 
Engineering Research Laboratory, E. Il. du Pont de Nemours & Co., Wil- 
mington, Delaware. 
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» Rolled or forged steel does not have the same mechanical properties in all 
directions. PWVRC-sponsored report discusses extent to which this direc- 
tionality, as found in hot-worked steels, is influenced by certain variables 


longitudinal properties improve only slightly but the transverse 
properties deteriorate markedly. Cross rolling tends to reduce 
the amount of directionality in plates. 

Steel quality, as evidenced by nonmetallic inclusions, banding, 
segregates, porosity and voids, is probably the single most 
important variable which influences the amount of directionality 
found in hot-worked material. Evidence indicates that the num- 
ber of discontinuous stringers of oxides and other brittle inclusions 
fragmented in rolling, as well as continuous stringers such as 
silicates and sulfides, correlates quite well with transverse 
ductility. As the inclusion count increases, transverse ductility 
decreases while the longitudinal ductility is not affected appreci- 
ably. There is agreement that nonmetallic inclusions account 
for only a part of the anisotropy, and that segregation, such as 
carbide stringers, as well as heterogeneous distribution of ele- 
ments in solid solution accounts for most of the remainder. 

Heat treatment per se appears to have little effect in reducing 
anisotropy. Homogenizing treatments have, in some instances, 
improved transverse properties by eliminating banding and 
segregation but, as the nonmetallics are unaffected, such treat- 
ments cannot be relied upon to reduce directionality to any im- 
portant degree. However, the amount of anisotropy may vary 
appreciably with changes in strength level produced by heat 
treatment and, in general, anisotropy increases as the strength 
level of the steel is increased by heat treatment. 

Some forms of heat treatment may embrittle steel even at low- 
strength levels. An example of this is temper embrittlement, « 
phenomenon which occurs more or less in all steels if treated at 
appropriate subcritical temperatures for sufficient time, such as 
may be encountered in postweld stress-relief treatments. There 
is a greater susceptibility to temper embrittlement in the trans- 
verse than in the longitudinal direction. 

Rolled plate used in construction of pressure vessels usually 
will exhibit lower ductility in the transverse direction than in the 
longitudinal direction. This difference, which is a function 
largely of steelmaking and rolling practice, tends to be relatively 
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low in cross-rolled plate. Since this directionality in properties 
is not recognized by any of the applicable Codes except in limiting 
the maximum thickness of structural quality plate, and since no 
failures of pressure vessels have been attributed to it, it is not 
always rated as a significant factor in pressure vessel design or 
fabrication. However, in view of the fact that directionality in 
mechanical properties is known to exist in hot-rolled steel plate, 
additional work seems warranted to determine the magnitude 
of this effect in typical commercial plate of different thicknesses 
and under various conditions of manufacture and treatment. 
Materials Division 

Pressure Vessel Research Committee, WRC 


INTRODUCTION 


T HAS long been recognized that rolled or forged 
steel will exhibit different mechanical properties in 
different directions. This directionality or aniso- 
tropy will develop in both cold-worked and hot- 

worked steel. In cold-rolled material, it will originate 
from preferred orientation resulting from the alignment 
of specific crystal directions of each of the metal crystals 
as well as from the alignment of inclusions and segre- 
gates. Hot working does not normally produce 
crystallographic preferred orientation but may intro- 
duce marked directional properties mainly as the result 
of the alignment of inclusions and segregates. Since 
this discussion is not concerned with crystallographic 
anisotropy, and it is not possible to separate the relative 
contributions to anisotropy of crystal orientation from 
those of segregate and inclusion alignment, only the 
results from hot worked steel will be considered. The 
properties of greatest interest are those parallel to the 
rolling or forging direction, those transverse or per- 
pendicular to this direction, and those in the thickness 
direction. No reliable data are available for properties 
of rolled plate in the thickness direction, thus only those 
in the longitudinal and transverse directions will be 
considered in this interpretive report. 


BEHAVIOR 


Tensile Properties 


In rolled, forged or otherwise hot-worked steel, the 
tensile and vield strength exhibit little or no direction- 
ality over a wide range of testing temperatures in- 
cluding subzero temperatures. However, most other 
tensile properties show anisotropy. Figure 1, from 
the early work of Brearley' on rolled low-carbon steel 
plate, demonstrates that both the reduction of area and 
elongation decrease as the angle between the test speci- 
men axis and the rolling direction increases and ap- 
proaches 90 deg. Since this early study, much has 
been done with steels of various analyses sub- 
jected to many types of working but qualitatively the 
results have been the same. More recently other 
tensile properties have been investigated, such as frac- 
ture strength,* and the general shape of the true stress- 
true strain curve as might be evidenced by the strain 
hardening exponent n.t In rolled low-carbon steel 


Fracture load divided by fracture area. 
The slope of the true stress-true strain curve on a log-log plot. 


* 
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Fig. 1 Anisotropy in hot-rolled low-carbon Bessemer 
steel plate (Brearley') 


plate, MacGregor? demonstrated that the fracture 
strength was appreciably lower in the transverse direc- 
tion than in the longitudinal direction. Figure 2 shows 
the variation of fracture strength as the angle between 


12 = 
| | 
| N “as? 
60° | 
| 
| | 
10 + 
| 
90° TO DIRECTION) 
| OF ROLLING | 
| | | | 
| 
a 
a | 
3 | X FRACTURE POINT 
| 
| 
| 
x | 
w | 
| STEEL FULLY ANNEALED 
0 
0 0.2 0.4 0.6 0.8 1.0 


TRUE STRAIN 


Fig.2 Theinfluence of anisotropy on the True Stress-True 
Strain Curve (Mehringer and MacGregor’) 
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the test specimen and the rolling direction increases. 
Apparently the shape of the true stress strain 
curve is not affected and the result of anisotropy is 
merely to cause failure to occur at a lower strength 
value. This behavior is in accord with other data* 
Where it was determined that in ship steel plate the 
strain hardening exponent n was essentially th. same in 
the longitudinal and transverse directions. Likewise, 
in compression tests the shape of the stress-strain curve 
was independent of the test direction.‘ 


Notch Properties 


All notch properties exhibit directionality and in- 
variably are inferior in the transverse direction. This 


LONGITUDINAL 


has been shown repeatedly in various types of notch 
tests, of which the notch impact test has received the 
greatest attention. From the early investigation of 
Brearley on rolled Bessemer plate (see Fig. 1) to the 
recent comprehensive and statistical studies of Wells 
and Mehl on heat-treated basic electric steel forgings, 
it is apparent that impact specimens, taken 90 deg to 
the direction of working, consistently display lower 
impact energy than those taken parallel to this direc- 
tion. In addition, the major change occurs as the 
angle between the specimen and the direction of work- 
ing increases from approximately 20 to 70 deg. Figure 
3, from the recent work of Bagsar,® demonstrates the 
effect of directionality on five different types of notch 
tests, two of which are notch-bend type tests. This 
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Fig. 3 Transition curves for specimens cut in the longitudinal and transverse directions for various types of noted 

specimens (Bagsar*) 


21l1-s 


i 


j 
| 

So 

| | ] | | | 
| 
a 


° 


| 


CHARPY IMPACT ENERGY — FT-LB 


80 120 160 200 
TESTING TEMPERATURE —°F 


~40 


Fig.4 W-notch Charpy curves for specimens cut at various 
orientations relative to the direction of rolling (Puzak, 
Eschbacher and Pellini*) 


work, performed on a 0.25% carbon, semikilled, '°/-in. 
hot-rolled plate of pressure vessel and ship plate quality 
demonstrated that the transition temperature in the 
direction transverse to the rolling direction may be 
appreciably higher than that found longitudinal to the 
rolling direction. It is interesting to note that, in the 
notch-bend test, there was a difference of as much as 
50° F in the (ductility) transition temperatures deter- 
mined in the longitudinal and transverse directions. 
In another investigation of ship plate steel, */,-in. 
plates of 0.20°% carbon-rimmed steel, with a stress- 
raising transverse slot at mid-length, were pulled in 
tension.’ In these tests, the transition temperature 
Was approximately 10° F higher for plates loaded 
transverse to the direction of rolling than for plates 
loaded parallel to this direction. Puzak, Eschbacher 
and Pellini® conducted an analysis of the initiation and 
propagation of brittle fracture in ship plate. The 
results shown in Fig. 4 are typical of those obtained for 
30 steels including rimmed, semikilled and fully killed 
heats of ship-plate-type steel. The directionality effect 
on the energy absorbed was greatest at the higher test- 
ing temperatures and virtually disappeared at low 
impact levels. In addition, the 15 ft-lb transition 
temperature determined in the transverse direction was 
consistently 10-15° F higher than in the longitudinal 
direction. 

Notch-tensile tests of hot-rolled and heat-treated 
SAE 4340 steel* by Benkoe and Ebert® conducted under 
carefully controlled conditions indicated that the frac- 
ture strength, reduction of area, notch-tensile strength 
and notch ductility are all lower for specimens oriented 


* The higher carbon steels, such as SAE 4340 (0.40% carbon, Ni-Cr-Mo 
steel) and 1045 (0.45% carbon steel), are not used for most pressure vessels; 
but are employed occasionally with special test and inspection requirements 
in certain integrally forged pressure vessels. 
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Fig. 5 The notch tensile strength and notch ductility of 

SAE 4340 steel as a function of tensile strength and direc- 

tion of specimen with respect to the rolling direction 
(Benkoe and Ebert’) 
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in the transverse direction than for specimens taken 
parallel to the rolling direction. The results of these 
tests, Fig. 5, show the variation of the properties with 
angle of test specimens and strength level. The 
tensile and yield strength (not shown) did not exhibit 
directionality at any strength level. The notch tensile 
strength, however, was substantially lower in the trans- 
verse than in the longitudinal direction at all strength 
levels and, in addition, the maximum value of the notch- 
tensile strength was displaced from a tensile strength of 
225,000 to 190,000 psi. The transverse notch ductility 
was substantially lower than the longitudinal notch 
ductility at all strength levels. Other studies of a 
similar nature have yielded the same results. 


Fatigue Properties 


The fatigue properties in the transverse direction 
may be inferior to those in the longitudinal direction. 
Ransom and Mehl"! have recently made a compre- 
hensive study of the statistical nature of the fatigue 
properties of SAE 4340 steel forgings reduced 20:1 from 
the ingot, and quenched and tempered to a tensile 
strength 125,000 psi. Figure 6 reports the results 
from one forging of high quality and one of low quality. 
The criterion of quality was the value of the reduction 
of area in the transverse tensile test. It is apparent 
that the endurance limit in the longitudinal direction 
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was approximately 50° % of the tensile strength for both 
forgings but was appreciably less in the transverse 
direction, where the forging of low quality displayed 
an endurance limit of less than 37° of the tensile 
strength. In addition, a statistical analysis of a large 
number of tests on the same forging indicated that the 
inherent scatter in the fatigue strength was greater 
in the transverse than in the longitudinal direction; 
an effect which was more pronounced for forgings of 
relatively low quality and for strength levels near the 
endurance limit which means that individual values 
of transverse fatigue strength might be substantially 
lower than shown in Fig. 6. 

Schmidt!? observed that the longitudinal endurance 
limit was not more than 15% greater than the trans- 
verse value in a heat-treated alloy steel forging. Others 
have observed virtually no difference in endurance limit 
between the longitudinal and transverse directions. 


90 


—-- 


HIGH QUALITY FORGING 
TRANS. R.A. 57.0% 


80 


70 


LONG 


60 


50 


| 
|| 


| LOW QUALITY FORGING 
| TRANS. R.A. 27.6% 
| 


ALTERNATING STRESS —1000 PS! 


| 
! 
| 
40 | 
10% 


10° 10° 107 108 
CYCLES TO FAILURE 


Fig. 6 Anisotropy exhibited by fatigue strength and 
endurance limit in two SAE 4340 forgings (Ransom and 
Mehl") 
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Fragmentary tests on hand-puddled wrought iron'*:'4 
and low-carbon sulfurized steel’ revealed that the ratio 
of endurance limit to tensile strength was approximately 
the same in both the longitudinal and transverse di- 
rections, although the transverse notch impact values 
were less than half as great as those in the longitudinal 
directién. These tests were at strength levels of less 
than one-third the tensile strength of those which have 
demonstrated anisotropy of the endurance limit. How- 
ever, there are insufficient reliable data to assess the 
significance, if any, of this difference in strength level. 


Reduction by Forging 


The extent to which hot-worked steel will exhibit 
anistropy depends upon many variables. One of the 
more important of these is the type of working such as 
rolling, forging, piercing, as well as the amount of re- 
duction in working. There has not been any systematic 
study of the directional properties of a given steel after 
it has been worked in a number of different ways. 
On the other hand, the effect of the amount of reduc- 
tion by forging on directionality has received much 
attention. The early work has been summarized by 
Sachs.’ It has been demonstrated repeatedly that 
reductions by forging up to 3:1 or 4:1 improve both the 
longitudinal and transverse properties (tensile and yield 
strength excepted). Continued reduction beyond this 
improves the longitudinal properties relatively little; 
but the transverse properties deteriorate markedly for 
reductions at least up to 12:1. The early work of 
Kreitz,'? summarized in Fig. 7, illustrates this for an- 
nealed 0.35°% carbon steel. This has been confirmed 
in a recent comprehensive examination of an SAE 1045 
forging steel by Grobe, Wells and Mehl’ as well as by 
others. 


Cross Rolling 


Cross rolling tends to reduce the amount of direc- 
tionality. Herres and Lorig® found that the difference 
between the Charpy impact values of longitudinal and 
transverse specimens was reduced by cross rolling; 
and in one case there was no difference between the 
two sets of specimens in heat treated 0.25-0.40% 
carbon medium alloy steels. Presumably, in cross- 
rolled material the maximum anisotropy might be 
anticipated in some test direction near 45 deg. No 
study of the effect of test angle in cross hot-rolled 
material is available. 


Steel Quality 


Steel quality, as evidenced by nonmetallic inclusions, 
segregation, banding, porosity and voids, is probably 
the single most important variable which influences 
the amount of directionality found in hot-worked 
material. It is generally believed that these are the 
factors which give rise to mechanical anisotropy when 
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for a 0.35% carbon steel (Kreitz") 


aligned in a specific direction as the result of hot work- 
ing. All available information indicates that steel of 
high quality exhibits less directionality than steel of low 
quality. In recent years, the problem of inclusions and 
their relationship to steel quality, and thus indirectly 
to their effect on directionality, has received increased 
attention. The series of papers by Mehl, et al,5'''8 
referred to above, carefully considered the effects of 
steel quality, measured in terms of transverse reduction 
of area, upon directional properties. It was concluded 
that elongated inclusions and segregation are largely 
responsible for the fact that the transverse ductility, 
notch and fatigue properties are lower in the transverse 
direction and demonstrate greater scatter than the cor- 
responding properties in the longitudinal direction. 
This concept is consistent with the fact that these 
properties when measured in the transverse direction 
deteriorate quite sharply at forging ratios above 3:1 or 
4:1; reductions above which the alignment of inhomo- 
geneities and inclusions becomes pronounced. Welch- 
ner and Hildorf*! examined the inclusions in 1100 
specimens of the same type of steel as was studied by 
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Mehl and co-workers. The number of discontinuous 
stringers of oxides and other brittle inclusions frag- 
mented in rolling, as well as continuous stringers such as 
silicates and sulfides, correlated quite well with the 
transverse ductility. As the inclusion count increased, 
the transverse ductility decreased and exhibited greater 
seatter. Loria’? concluded that sulfides were effec- 
tive in promoting directionality only when in the form 
of stringers. These inclusions have little effect on the 
longitudinal ductility. According to Kinzel and 
Crafts,”* the length of the inclusions correlated better 
with directionality than the total number of inclusions. 
However, there is general agreement that inclusions 
‘cannot account for all of the anisotropy. 


Segregation 


Presumably, segregation such as carbide stringers** 
as well as heterogeneous distribution of elements in 
solid solution will account for some directionality also. 
However, there is no reason to believe that all direction 
sensitive properties will be influenced to the same ex- 
tent by inclusions as by segregation and banding. For 
example, wrought iron and very low-carbon — sul- 
furized steel exhibited strong anisotropy in notch-im- 
pact tests but no effect on the endurance limit. In 
both cases, segregation and banding were virtually 
nonexistent but stringers of inclusions were highly 
prevalent. 


Steelmaking Practice 


Although the variables of steelmaking practice that 
control steel quality have received intensive study, the 
relationships of these variables to anisotropy have not 
been systematically investigated. However, one may 
infer that steelmaking practice will exert a strong in- 
fluence on directionality, at least to the extent that it 
affects steel quality and heterogeneity as discussed 
above. 


Heat Treatment 


In many cases, heat treatment may be applied either 
deliberately to improve properties, or incidentally, as 
for example, all heating relative to a welding operation 
or incident to service at elevated temperatures. Heat 
treatment may be expected to exert only a minor effect 
on the distribution of nonmetallic inclusions; on the 
other hand, its influence on segregation may be appre- 
ciable. The limited information available indicates 
that homogenization can change both the longitudinal 
and transverse reduction of area. A homogenizing 
treatment designed to minimize banding in a high 
quality SAE 4340 forging improved both the longitudi- 
nal and transverse reduction of area by approximately 
5% and reduced the scatter in the transverse values.® 
However, a similar treatment applied to an SAE 1045 
forging resulted in a decrease of directionality ;'* which, 
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strangely enough, was accomplished by a decrease 
in the longitudinal reduction of area with little change 
in the transverse value. Any attempt to rationalize 
this behavior is limited by the fact that the relative 
contribution to directionality of elongated nonmetallics 
and of banding is not known quantitatively. In any 
event, homogenization is not a feasible commercial 
method of reducing directionality. 

The amount of anisetropy may vary appreciably with 
changes in strength level produced by heat treatment. 
For pearlitic steels, as the tensile strength was raised 
the directionality was increased; a phenomenon which 
was accomplisaed largely by improvement in the longi- 
tudinal properties.>'*?4 Apparently, this is true for 
pearlitic steels only; faster cooling rates with attendant 
increases in tensile strength will yield finer ferrite pearl- 
ite aggregates with improved reduction of area and 
notch-impact values. Martensitic steels both plain 
carbon and alloy, also exhibited increased anisotropy 
as the tensile strength was raised; but here it was 
brought about by a more rapid deterioration of proper- 
ties in the transverse than in the longitudinal direc- 
tion. 59 10.18 

Directionality exhibited by notch-tensile properties 
in steels with martensitic structure has been examined 
as a function of strength level.*"?* = Both the trans- 
verse and longitudinal notch ductility decreased as the 
tensile strength increased; but the longitudinal value 
decreased more rapidly approaching the transverse 
value near zero ductility (see Fig. 5). The behavior of 
the notch-tensile strength was somewhat more compli- 
cated. The transverse notch-tensile strength passed 
through a maximum at a lower tensile strength than the 
longitudinal notch-tensile strength; which, as Fig. 5 
shows, will cause the apparent anisotropy of notch 
strength to pass through a maximum as the tensile 
strength is raised. 

Heat treatment may severely embrittle steel even at 
low-strength levels. A classical example of this is 
temper embrittlement; a phenomenon which occurs 
more or less in all steels if treated at appropriate sub- 
critical temperatures for sufficient time. Not only may 
temper embrittlement occur as a result of conventional 
heat treatment, but it also may result from postweld 
stress-relief treatments, or during service in a suitable 
temperature range, or in other ways incidental to proc- 
essing and service. Jolivet and Chouteau®> observed 
a marked effect of anisotropy in the susceptibility to 
temper embrittlement of a low-carbon alloy steel, i.e., 
impact energy values taken transverse to the rolling 
direction were affected appreciably more by temper 
embrittlement than those taken parallel to the rolling 
direction. The steel was tempered to a very low 
strength level so that subsequent treatments to produce 
temper embrittlement did not materially change the 
strength level. Figure 8 indicates conclusively that 
specimens cut in the transverse direction were more 
susceptible to temper embrittlement than those taken 
in the longitudinal direction. For example, tempering 
for 2 hr at 975° F resulted in virtually complete em- 
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Fig. 8 Effect of tempering time at 975° F on temper 
embrittlement of specimens cut in the longitudinal and 
transverse directions (Jolivet and Chouteau”) 


brittlement in the transverse specimens and no em- 
brittlement in the longitudinal specimens. Other tem- 
pering temperatures which resulted in temper embrit- 
tlement always embrittled the transverse specimens 
first. This means that, as a matter of practical en- 
gineering, tests conducted to evaluate the state of tem- 
per embrittlement should always be performed on speci- 
mens cut transverse to the rolling direction. This 
appears to be a matter of prime importance, especially 
in ship plate and pressure vessel type steels, in view of 
current thinking that plain carbon steels may be very 
susceptible to temper embrittlement” and that brittle- 
ness in the heat-affected zone of a weld may be associ- 
ated with temper embrittlement. 


Strain and Aging 


Little information is available dealing with the in- 
fluence of strain and aging on anisotropy. The only 
study designed to evaluate these variables indicated 
that there was little if any effect. Tipper?” examined 
'/o-in. mild steel plate that had been prestrained 3.75 
and 10° in both the longitudinal and transverse direc- 
tions and also subsequently aged. It was concluded 
that the direction of prestrain appeared to have little 
effect on the directionality of the impact energy as com- 
pared to the differences resulting from anisotropy pro- 
duced by the original hot rolling. 


Hydrogen 


It has long been known that hydrogen will em- 
brittle steel; but the influence of hydrogen on the prop- 
erties of steel measured in various directions has re- 
ceived very little consideration. Hobson and Sykes” 
investigated the effect of hydrogen on the ductility in 
the longitudinal, transverse and radial directions of 
several low-carbon alloy steel forgings. In the absence 
of hydrogen, specimens in the transverse and radial 
directions were inherently less ductile than those in the 
longitudinal direction. The introduction of hydrogen 
produced a still further loss of ductility in the trans- 
verse and radial directions as well as reducing the duc- 


tility in the longitudinal direction. Although not 
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marked, there appeared to be a tendency for the radial 
and transverse directions to embrittle relatively more 
for the initial hydrogen additions up to 5 ce per 100 g. 


DISCUSSION 

In summarizing the influence of anisotropy, it be- 
comes apparent that certain mechanical properties 
are influenced more than others, and some not at all. 
In addition, metallurgical variables such as heat treat- 
ment, as well as mechanical variables, will influence 
the degree of anisotropy observed in a given type of 
test. Consideration of the factors which influence the 
apparent ductility helps to rationalize what appears to 
be occasional inconsistent or inexplicable behavior. 
It is well known that, as the testing severity is increased, 
steel behaves in a less ductile manner. The decrease 
in ductility may be accomplished by superimposing 
multiaxial stresses, increased strain rate, lowered tem- 
perature or notches in the test specimen. The familiar 
impact transition curve (Figs. 3 and 4) indicates the 
manner in which the ductility is decreased as the testing 
temperature is lowered. The other embrittling agents 
listed above, or combinations of them will produce 
similiar behavior. 

All available information indicates that when em- 
brittlement occurs, properties in the transverse direction 
are more susceptible to embrittling agents than those in 
the longitudinal direction. It follows that an attempt to 
evaluate directional properties may become complicated 
by the occurrence of the transition effect regardless of 
its origin. For example, the test conditions may be 
such that the transverse specimens have become em- 
brittled and the longitudinal direction ones have 
not. Under such circumstances, the difference be- 
tween the observed test values in the transverse and 
longitudinal directions gives a distorted and incomplete 
picture of the anisotropy. Specifically, the following 
situations with regard to embrittlement are possible de- 
pending upon the mechanical and metallurgical vari- 
ables involved: 


(a) No embrittlement in either the transverse or 
longitudinal directions. 

(b) The transverse specimens embrittled: the longi- 
tudinal specimens unembrittled. 

(c) Both the transverse and longitudinal specimens 
embrittled. 


From the above considerations, it is apparent that 
room temperature impact tests may be conducted under 
conditions of embrittlement corresponding to (a), (b) 
or (ce), above. Obviously, only a consideration of the 
entire transition curve will properly assess the amount 
of anisotropy. A consideration of Fig. 4 illustrates this 
in convincing fashion. Here the orientation effects 
are apparent only above 10-12 ft-lb. In this connec- 
tion, Puzak, Eschbacher and Pellini® reached, by cor- 
relation with other observations, the intriguing if pro- 
vocative conclusion that, as far as engineering appli- 
cations are concerned, brittle behavior is not observed 


unless the V-notch specimens exhibit less than 10 ft-lb 
impact energy; and hence that there is no practical 
effect of anisotropy with respect to brittle behavior in 
the steels they examined. 

Under appropriate conditions, heat treatment will 
create the same embrittling action as low-temperature 
testing, or other previously mentioned factors. Thus, 
the behavior of temper embrittlement with respect to 
anisotropy may be rationalized on a transition phenom- 
enon basis. Reference to Fig. 8 indicates that, after 
2 hr at 975° F, the impact transition temperature for the 
transverse specimens was above room (test) tempera- 
ture; while that for the longitudinal specimens was 
below room temperature. This situation corresponds 
precisely to the condition of testing listed under ()). 
Further examination of Fig. 8 shows that any one of 
conditions (a), (b) or (c) may prevail depending upon 
the tempering time. It is interesting to note that even 
when the maximum amount of temper embrittlement 
has apparently occurred, the transverse specimens are 
still embrittled appreciably more than the longitudinal 
specimens. 

It is well known that, in general, prestrain will tend 
to induce embrittlement. Thus, in view of the greater 
sensitivity of the transverse direction to embrittlement 
it would be anticipated that prestrain would exert an 
influence on directionality. Although Tipper?’ ob- 
served little or no such effect, it is conceivable that 
under other conditions or with different materials such 
a phenomenon may manifest itself. 

Those mechanical properties which exhibit anisotropy 
to some extent include: reduction of area, elongation, 
fracture strength, bend stress and strain (both notched 
and unnotched), notch-impact energy, notch ductility, 
notch tensile strength and, in some cases, fatigue 
strength and endurance limit. All of the above re- 
flect the ductility in varying degrees, although there 
may be some question with respect to the fatigue prop- 
erties, which seem to bear a more definite relationship 
to the tensile strength than any other property. How- 
ever, there is some evidence of an effect of ductility, 
since those steels which exhibited lower transverse 
fatigue properties also exhibited lower transverse re- 
duction of area values.'' Also reductions of as much 
as 25°% in the endurance limit have been observed in 
the embrittled state as compared to the unembrittled 
state for the same strength level and steel.” 

The notch-tensile strength is influenced by ductility 
as well as by the tensile strength at the higher strength 
levels. In Fig. 5, it is apparent that the notch-tensile 
strength is directly proportional to the unnotched- 
tensile strength at low-strength levels up to the point 
where the curve departs from a straight line. At 
tensile strengths above this, the loss of ductility begins 
to influence the notch strength in increasing propor- 
tions as the strength level rises, thus introducing a 
maximum in the curve. That this maximum occurs at 
a lower strength level in the transverse than in the longi- 
tudinal specimens is consistent with the fact that 
specimens cut in the transverse direction are more sus- 
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ceptible to embrittlement. In addition, it is signifi- 
cant to note that anisotropy appears in the notch- 
tensile strength only when an element of ductility will 
influence the value of the notch strength. 

It is concluded that although many different types 
of tests will exhibit anisotropy they do so only to the 
extent that they reflect ductility, and that ductility is 
the only basic property that exhibits anisotropy. 


FIELDS FOR FURTHER STUDIES 

It is evident that there are many gaps in the informa- 
tion on the effects of anisotropy. More information on 
the effect on directionality of temper embrittlement, 
hydrogen embrittlement and prestrain is needed. Also, 
there is little information on the effect of welding on 
directionality, particularly in the heat-affected zone. 
In addition, some attention should be given to a more 
direct correlation of steelmaking practice to anisotropy. 
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Welding Metallurgy of Nodular 
Cast Iron 


Discussion by T. E. Kihlgren 


Mr. Hucke and Mr. Udin have presented an interest- 
ing and useful study of the structural changes which ean 
occur in the heat-affected zone of the base metal and at 
the line of fusion in welded joints in Ductile Iron. 

However, the authorsarrive at some conclusions which 
would seem to rule out any fusion welding process for 
the salvage, repair and fabrication welding of ductile 
iron. Actually, field experiences show clearly that 


T. E. Kihigren, Metallurgist, International Nickel Co. Research Laboratory. 
Bayonne, N. J. 


Paper by Edward E. Hucke and Harry Udin was eae in THe WELDING 
Journal, 32 (8), Research Suppl., 378-s to 384-s (1953). 
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ductile iron can be fusion welded by several methods on 
a commercially practicable scale. 

For example, Sohn! and his associates reported re- 
cently on the successful application, on a production 
scale, of are welding of Ductile Ni Resist to Type 347 
stainless steel, and of ductile iron to NAX steel, using 
AISI 431 and AISI 310 electrodes, respectively. The 
weldments are component parts of jet aircraft engines 
reported to have operated satisfactorily for long periods 
of time. This successful application of are welding to 
ductile iron is in a field where quality standards are 
high and service conditions are severe. 

A considerable amount of welding is being done in the 
field using a nickel-iron electrode commercially desig- 
nated NiRod 55. Data on properties of joints, and 
examples of field welding were discussed in a recent 
paper by Waugh and Kihlgren.?. Average tensile data” 
on joints in '/.- to l-in. thick ductile iron made with 
the nickel-iron electrode are shown in Table 1. The 
base metal contained about 3.30 C, 2.30 Si, 0.70 Ni, 
0.35 Mn, 0.05 Mg, < 0.05 P. 


(Continued on page 229-s) 
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by Leslie Silverman and Harry Gilbert 


Abstract 


The development of new welding techniques and procedures 
requires a reinvestigation of the possible exposure of operators to 
new or different health hazards. This particular study is pri- 
marily directed at conditions in the breathing zone of the newly 
developed inert-gas-shielded metal-arc welding process with 
consumable electrode. 

This method of welding is quite simple and is probably familiar 
to most welding engineers. For purposes of elucidation and 
completeness, a brief description is presented here. 

The principal feature of this unit is a helium or argon-shielded 
are with controlled consumable electronic wire feed which may 
be manually directed or operated automatically by controls. 
Filler metals of various compositions are fed in wire form through 
the center of the shield which consists of a tube through which an 
inert gas (helium or argon) is passed. The wire is fed at a rate 
equal to the desired deposition for various practical applications. 
Varying currents and current densities are applied for different 
wire sizes but the densities encountered are many times those 
found with ordinary stick electrodes. For example, a wire 
diameter of 3/3. in. when used with a recommended welding cur- 
rent of 300 amp gives a current density of 43,500 amp per square 
inch as compared to the current density obtained with a '/, 
electrode of 6120 amp per square inch. 

The higher current density produces a more confined source of 
spectral energy in both ultraviolet and infrared ranges. The 
excitation of various metals produces different atmospheric con- 
ditions and will be discussed at length. The choice of argon or 
helium depends principally on the metal welded. The gas flow 
rate is controlled by a pressure regulator and a flowmeter as in gas 
welding. 

The purpose of this investigation was to study the atmos- 
pherie conditions in the welding zone with regard to the oper- 
ator’s exposure and to determine the concentrations and signifi- 
cance of the various gases and particulate matter produced. 
These were to be compared with various welding metals and with 
the conditions found in the conventional electrode welding. It 
should be understood that this study did not cover all available 
aluminum or stainless compositions and development of new 
materials might require further research. For example, since 
this study was completed, processes incorporating oxygen into 
the inert gas when welding on stecl have been developed. 


Leslie Silverman is Associate Professor of Industrial Hygiene Engineering 
of the Harvard School of Public Health, Boston, Mass., and Harry Gilbert 
is Industrial Hygienist with the New York Naval Shipyard, Brooklyn, N Y. 


The statements and opinions presented herein are those of the authors and 
do not necessarily represent those of the Navy Department. 
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» Exposure conditions in the breathing zone of inert-gas- 
shielded metal-arc welding with consumable electrode 
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AIR CONTAMINANTS PRODUCED BY 
WELDING OPERATIONS 


ONTAMINANTS created by all-welding operations 
consist of gases as well as particulate matter. 
Welding gases from electrodes are principally ox- 
ides of nitrogen, ozone and traces of various other 
gases depending upon coatings or alloys used in elec- 
trodes. In stainless steel welding with coated elec- 

trodes fluoride compositions have been found by some 

investigators to yield traces of hydrogen fluoride gas. 
Similarly coatings containing chloride may yield hydro- 

gen chloride. Certain aluminum alloys may produce 

trace gases such as phosphine or stibine. These are 

usually insignificant in concentrations unless a high 

percentage of active elements such as phosphorus are 

present (an unlikely condition). It is possible in weld- 

ing exposure to have gaseous contaminants which vary 

widely depending upon the nature of the coating. In 

inert-gas-shielded metal-are welding the coating is 

eliminated by the inert gas which provides the non- 

oxidizing atmosphere; thus, the only gaseous products 
(in addition to oxides of nitrogen and ozone, which are 
created from radiation and decomposition of the am- 
bient atmosphere) are those resulting from trace ele- 
ments in the welding metals. 

Depending upon the metal excited it might be as- 
sumed that because of the higher current densities a 
greater concentration of nitrogen oxides and ozone 
could be produced. Because the primary source of 
energy is provided with an inert gas shield, most of the 
atmospheric breakdown must be accomplished by radi- 
ation although some atmospheric air could possibly 
be aspirated into the outer portion of the arc by the 
flowing stream or traces could reach the core by diffu- 
sion. Nitrogen oxide production usually requires inti- 
mate contact of the energy source with atmospheric 
nitrogen. The metal excited is important in atmos- 
pheric decomposition since the wave lengths that pro- 
duce ozone are below 2000 A. In comparing spectral 
emission bands of iron and aluminum, the two impor- 
tant weld metals under consideration here, we find, 
as shown in Fig. 1, that iron lines are predominantly in 
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Fig. | Relative spectral energy distribution of iron and aluminum ares 


the blue and near visible, whereas radiation from alu- 
minum is principally below 3900 A and the bulk of the 
radiation is concentrated in a few lines. 

Particulates from all welding operations (inert gas 
shield included) depend, of course, upon the base and 
electrode metals and their composition and combustion 
products of coatings if any are used. Jnert-gas-shield 
welding of the type described here has been largely ap- 
plied in production to date on aluminum alloys and 
stainless steels. It could be used, however, with al- 
most any alloy or combination desired. The process 
has been most effective for aluminum because of its 
ability to deposit aluminum at high deposition rates 
with excellent penetration in all positions. In addition 
to welding with nearly pure aluminum, the aluminum 
silicon alloys (up to 5°%) have been used. For stainless 
steel work most of the common types such as 316 or 347 
ean be readily welded. The composition of the base 
metal on which the weld is deposited may vary, but is 
usually the same as the welding wire. 

Particulate matter from are or gas welding is classi- 
fied as a fume; that is, a condensation product of the 
volatilized metal vapor. The particle size varies from 
0.001 micron to above one micron, the larger sizes usu- 
ally result from agglomeration of the fume by convec- 
tion currents and atmospheric turbulence. Fume con- 
centrations vary with the welded material, coatings, if 
any, and the current densities. In general, in inert- 


gas-shield work it would be surmised that the fume com- 
position contains oxides of the metals being welded 
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since metal vapor is evolved which has an opportunity 
to oxidize after leaving the inert shield, although in the 
shield zone it may not be actually oxidized. It may 
also consist of a metallic particle of metal coated with 
oxide. Since the fume originates from a vapor state 
and is of such a fine size it is probable that discrete 
particles oxidize rapidly on contact with air. 


EXPERIMENTAL METHODS 


Two types of experiments were conducted in this 
study. The first phase was a laboratory study on alu- 
minum alloy and stainless steel welding under well- 
controlled conditions and the second study involved 
measurements obtained only on aluminum welding with 
and without exhaust ventilation in a field study made at 
the New York Naval Shipyard under actual working 
conditions. Since these measurements were made by 
two investigators in different locations a variety of 
sampling instruments and techniques were employed as 
outlined below. 


Sampling Procedures 


In the laboratory study fume samples were collected 
at 50 to 60 cfm by means of a high volume air sampler 
utilizing a pleated filter paper! and a hand pump sam- 
pling unit? described by one of the authors. Gas samples 
of oxides of nitrogen were obtained in 300 ml sample 
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bottles by the method suggested by Beatty, et a!.* 
Samples of nitrogen oxides were collected during weld- 
ing operations in the operator’s working zone at breath- 
ing level. Ozone was also collected by means of the 
sampler described by Crabtree and Kemp.‘ These 
were taken in the operator’s working zone and inside 
the welder’s helmet. Samples inside the welder’s hel- 
met, of course, most nearly represent those concentra- 
tions breathed by the operator. Since ozone concen- 
trations are greatly affected by the distance from the 
are and the time elapse before entering the operator’s 
helmet and various contaminants it was felt that the 
samples for ozone should be taken outside as well as in- 
side the operator’s helmet in order to evaluate properly 
the exposure of the operator. In a previous study® we 
have found a significant dilution present inside the hel- 
met due to the air exchanged by the wearer. 

In the field sampling investigation conducted at the 
New York Naval Shipyard, nitrogen oxides, ozone and 
metallic fumes were collected. The air samples were 
taken at the are and in the working zone. Samples 
were obtained with and without the use of flexible ex- 
haust ducts. For collecting fumes a commercial elec- 
trostatic precipitator sampler* (3 cfm) was used. 
For collecting ozone the apparatus consisted of a bub- 
bler train containing potassium permanganate solution 
in the first sintered glass gas washing bottle, and a buf- 
fered neutral solution of potassium iodide solution in 
the second washing bottle. Gas samples for nitrogen 
oxides were collected by using evacuated separatory 
funnels or 100 ml syringes using the Griess-Ilosvay 
reacting solution’ for nitrogen dioxide. The latter 
method only determines nitrites and not total oxides of 
nitrogen. 


Analytical Methods 


Total fume concentrations in the laboratory studies 
were obtained from the previously weighed pleated 
filter samples and enough fume was collected to permit 
fractionation and evaluation of composition. Hand- 
pump samples were taken on small filter paper disks for 
comparison with standards previously made for stain- 
less steel welding. However, no such standards were 
available for comparing stains obtained from aluminum 
alloy welding. 

Total fume values from the field studies were ob- 
tained by accurately weighing the electrostatic precipi- 
tator tubes. After weighing, the pleated filter samples 
were analyzed for aluminum, aluminum oxide and sili- 
con dioxide. It was originally intended to perform 
analysis for silicon as Si but only small amounts of 
aluminum as Al were found in the samples. It is evi- 
dent that the silicon would have also been oxidized 
under the same conditions and therefore only analyses 
for silicon as silicon dioxide were performed. 

Gas samples were analyzed for total oxides of nitro- 
gen with the exception of one sample analyzed for 


* Available from Mine Safety Appliances Co., Pittsburgh, Pa. 
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phosphine. The chemical methods of analysis were as 
follows: 

Aluminum (Al). Aluminum was determined by a 
modified cupferron procedure. The pleated filter 
sample was leached with dilute hydrochloric acid (6N). 
This washing was made to volume and analyzed for 
aluminum. The material retained by the filter was 
pulped, digested with nitric acid and fused with sodium 
carbonate. It was then filtered and washed with dilute 
HC! (6N) and also analyzed for aluminum. 

Silicon Dioxide (SiO.) and Alumina (AL0s). 
dioxide was determined by ashing the sample com- 
pletely after digestion with nitric acid. This sample 
was accurately weighed, treated with concentrated 
hydrofluoric acid and the silicon removed by fuming. 
The residue was again taken to constant weight. The 
total weight change corrected for loss from a similarly 
treated blank filter gives the total SiO. loss. The re- 
mainder of the sample by difference was aluminum oxide 
AL Os. 

Chromium and Iron. Samples taken during stainless 
steel welding were analyzed for water-soluble hexa- 
valent chromium with s-diphenylearbazide® and for iron 
by mercaptoacetic acid." 

Oxides of Nitrogen. Gas samples were analyzed by 
the U. S. Bureau of Mines phenoldisulfonic acid 
method.’ This procedure requires oxidation of nitrites 
to nitrates which are then determined with phenoldisul- 
fonic acid. 

Field samples for nitrogen oxides were limited to ni- 
trite determination with the Griess-Ilosvay reagent as 
indicated above under sampling. This reaction pro- 
duces a rose color which may be directly compared to 
standards. 

Phosphine. Phosphine was determined by absorbing 
the gas sample in silver nitrate solution and measuring 
the turbidity nephelometrically. This test is not spe- 
cific for phosphine since it also reacts with arsine or 
stibine, but it was not anticipated that either of these 
interfering gases would be present. Phosphine might 
be present because traces of phosphorus are present in 
the wire or the base metal. Observations on other 
aluminum welding processes indicated that this was a 
detectable contaminant. Because of the high toxicity 
of this gas it was desirable to make a check for its pres- 
ence in this instance. 

Ozone. Laboratory ozone samples were analyzed as 
described by Crabtree and Kemp.‘ Essentially this 
method consists of absorption in a special recirculating 
absorber by a spray of a buffered neutral solution of 
potassium iodide and estimation of the iodine by an 
electrometric method. During absorption it is neces- 
sary to use a light-tight box to prevent photochemical! 
oxidation of the potassium iodide. Crabtree recom- 
mends sodium thiosulfate for titration but because of 
the dilute solutions an electrometric end point instead 
of starch is employed. 

In the Naval Shipyard determinations, light was ex- 
cluded from the sampling bubblers by wrapping them 
in black paper. NO, and H,O, interferences were re- 
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moved by using KMnQ, in the first glass bubbler of the 
train. Control samples were run on air uncontami- 
nated with ozone from the process for the same length of 
time as the air samples. Samples and controls were 
analyzed at the same time and the samples were cor- 
rected for these control blanks. 

There is a considerable possibility of errors in all 
ozone analyses because of the difficulty of obtaining « 
completely uncontaminated sample. The effect of 
oxides of nitrogen in high concentrations would be 
significant and it is difficult to expect results to agree 
closer than 25% because of such interferences. Many 
of the high values reported in the past can also be at- 
tributed to the fact that potassium iodide in solution 
is photochemically oxidized to iodine in the presence of 
sunlight. This occurs in both neutral and alkaline 
solutions. 


LABORATORY AND FIELD TESTS 


In the laboratory a series of 5 tests were conducted as 
outlined below. Air samples were collected during 
each welding operation as described. These experi- 
ments were conducted in a test room of large volume 
(greater than 50,000 cu ft) with a high ceiling used for 
welding and cutting developments. All windows were 
closed and only natural ventilation was available. The 
operator wore a welding helmet with protective glass 
for the inert-gas-shielded metal-are conditions. 

Test No. 1. Aluminum welding with 438 alloy wire 
*/ in. indiam. Fillet welds in 1-in. thick 28 aluminum 
alloy were made. Helium was used as the inert-gas 
shield at a flow rate of 40 cfh. The welding current 
was 300 amp. The wire feed rate was about 160 ipm. 

Test No. 2. This test was identical with No. 1 except 

that the inert-gas shield used was argon at 30 efh and 
the wire feed was about 125 ipm. 
Test No. 3. Aluminum welding with 28 alloy wire 
» in. in diam on a 28S alloy base plate 1 in. thick as in 
Test No. 1. Helium was used as the inert-gas shield 
at a rate of 40 cfh. The welding current was 300 amp 
and the feed rate about 160 ipm. 


Test No. 4. Stainless steel welding with Type 316 
alloy wire, '/is in. Type 347 alloy base plate '/» in. 
thick. This was flat stock, the bead was laid hori- 
zontally from a vertical position. Argon was used as 
the inert-gas shield at 30 cfh. The welding current was 
290 amp and the wire feed rate was 230 ipm. 

Test No. 5. This was the same as No. 4 except that 
helium was used as the inert-gas shield at 30 efh. 

Single, high-volume samples were taken throughout 
the welding period in Tests Nos. | through 4. Several 
hand-pump samples and gas samples were taken during 
each test. It is important to note that the welding 
period was so short that hand-pump sample volumes 
were limited, making it difficult to perform a chemical 
analysis on them. The pleated samples, however, 
were adequate since air sampling was at a high rate, 70 
to 75 efm. 

In taking the gas samples, 300-ml Pyrex glass pipets 
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with stopcocks at each end were preceded by a paper 
filter holder unit to remove particulate material to 
prevent its interference in the gas analysis. Gases were 
flushed through the sample flasks by a rubber aspirator 
bulb (75 ml capacity). A clean filter paper was inserted 
before gas samples were obtained in each test. This 


paper was subsequently examined for stain appearance. 

The field tests consisted of welding in a welding bay 
of the Sheetmetal Shop. This room with a volume of 
5700 cu ft is partitioned, and the opening of 7 ft between 
ceiling and top of partition leads into the main work- 
room of the Sheetmetal Shop which has a volume of 
approximately 300,000 cu ft. Aluminum joints, vary- 
ing in length from 24 to 51 in., were welded on an iron 
table. Operators wore personal protective clothing and 
helmets. A flexible exhaust, connected to a manifold 
removed the fumes and gases from the working zone 
when required in these studies. Samples were obtained 
with and without exhaust ventilation. It was observed 
that the welder could place the flexible duct fairly close 
to the are (within 4 to 6 in.) without interfering with 
the inert-gas shield. This distance, of course, will varv 
dependent on the linear air velocity through the flexible 
duct opening, and the rate of flow of the argon or helium 


gas. 


RESULTS 

The results of fume and gas samples obtained in the 
laboratory study are shown in Tables 1, 2, 3 and 4. 
Table 1 gives fume concentrations and component 
analyses from the high-volume pleated filter samples. 
Table 2 presents results obtained from the hand-pump 
filter samples and Table 3 shows the data obtained for 
oxides of nitrogen and phosphine gas concentrations. 

A study of Table | indicates that total fume con- 
centrations range from 5.0 to 27.9 mg per cubic meter. 
Highest concentrations were obtained during aluminum 
welding. These samples were analyzed for aluminum, 
aluminum oxide and _ silicon dioxide. The sample 
collected from Test No. 3, in which a silicon-free alloy 
wire was used, was analyzed for aluminum. The re- 
mainder of the sample was assumed to be aluminum 
oxide. The analysis showed that only a small amount 
of metallic aluminum was present. The inert atmos- 
phere present during inert-gas-shielded metal-are weld- 
ing apparently does not prevent the finely divided alu- 
minum fume from immediate conversion to the oxide 
on contacting the atmosphere surrounding the inert-gas 
shield. Since the amount of aluminum found in the 
sample from Test No. 3 was practically negligible, 
samples from Tests No. | and No. 2 were only analyzed 
for silicon dioxide and aluminum oxide. It is interest- 
ing to note that these two samples agree well in alumi- 
num oxide and silicon dioxide percentages. This agree- 
ment might be expected since the only difference during 
the welding operations was the different gases used for 
inert shields. 

It is interesting to note in Table 1 an apparent en- 
richment in the silicon dioxide composition of the fume. 
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Table 1—Inert-Gas-Shielded Metal-Are Welding Process,* Total Fume Concentrations and Analyses 


Samples Collected by High Volume Air Sampler! in 
Apparatus Research Laboratory, Air Reduction Co., Murray Hill, N. J.; 
No Exhaust Ventilation 


Sample--—-— — — 
Concen- 


tration 
Rate Volume of total 
Test mean, Time, cu cu Weight, fume, — Analyses, Yo — . = 
No. Operation cfm min ft m mg mg /cum Al ALO; Si0, CrOs; 
° I Aluminum welding, 435 al- 70.0 6.10 427 12.1 146.5 2.1 88.5 11.5 
loy wire */, in., 28 alloy 
base 1 in., He, 40 cfh, 
300 amp, wire feed 160 
ipm 
II Aluminum welding, 438 al- 72.6 6.09 442 12.5 63.1 5.0 ne 87.7 12.3 
loy wire */3; in., 2S alloy 
base 1 in., A, 30 cfh, 300 
amp, wire feed 125 ipm 
Ill Aluminum welding, 28 al- 60.0 6.55 393 11.1 309.4 27.9 0.035 99 965 
loy wire */ in., 2S alloy 
base 1 in., He, 40 cfh, 
300 amp, wire feed 160 
ipm 
IV Stainless steel welding 69.6 8.13 566 16.0 129.0 8.1 0 004 


Type 316 alloy wire '/i«¢ 
in., Type 347 alloy base 
1/, in., A, 30 ecfh, 290 
amp, wire feed 230 ipm 


* Aircomatic method. 


The composition of 435 alloys contains 5% Si and the 
volatilization is differential and produces slightly more 
than twice as much SiO, as predicted from stoichio- 
metric relationships. 

The amount of water-soluble hexavalent chromium 
was determined in the sample from Test No. 4 obtained 


during stainless steel welding. Chromic anhydride is 


apparently only present in small amounts indicating 
that most of the volatilized chromium is not in the 


hexavalent state. 


The hand-pump samples shown in Table 2 were not 
analyzed for aluminum oxide since insufficient material 
Unfortunately the only direct method 
for analysis of aluminum oxide requires much larger 


Was present. 


Test 
No. 


< 


Sample 
No.t 


Welding 
material 
43S-Al 
43S8-Al 
43S8-Al 
43S-Al 
438-Al 
4358-Al 
43S-Al 
2S-Al 
28-Al 
28-Al 
No. 316 
Stainless 
No. 316 
Stainless 
No. 316 
Stainless 
No. 316 
Stainless 
No. 316 
Stainless 
No. 316 
Stainless 
No. 316 
Stainless 
No. 316 
Stainless 
No. 316 
Stainless 
No. 316 
Stainless 
No. 316 
Stainless 


Inert 
gas 
He 
He 
He 
He 


(Same conditions as Table 1) 


No. of 


strokes 


Volume, 
cum 
0.024) 
0.023 
0.029 
0.008 


0.025 
0.053 
0.006 


0.029 
0.025/ 
0.011 
0.006 
0.006 
0.009 
0.009 
0.001 
0.002 


0.011 
0.009 
0.002 
0.012 
0.008 


Table 2—Inert-Gas-Shielded Metal-Are Welding Process,* Fume Concentrations Obtained from Hand-Pump Samples 


Faint stain visible by transmitted light only 


Strong brown-gray stain visible by reflected light 
Faint gray stain visible by reflected light 
Moderate gray stain visible by reflected light 
Faint gray stain visible by reflected light 

Faint stain visible by transmitted light only 


Strong gray stain by reflected light 


150 (Fe) 
9 (Fe) 

6 (Fe) 

1 (Fe) 
450 (Fe) 
25 (Fe) 
9 (Fe) 

8 (Fe) 
250 (Fe) 
75 (Fe) 
3 (Fe) 


Concentration, mg/cu m 


222-s 


* Aircomatic method. 
+ Number samples taken by 600-ml hand pump. 
samples (Table 3) using 75-ml squeeze bulb. 
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= 

Me 

I 1 40 

Ba I 3 48 

I 1G 100 
ll 4 A 41 

ll 5 A 88 
II 2G A 80 

a Ill 6 He 49 

Ee Il 7 He 42 

Ill 3G He 140 

aa IV 8 A 10 

a IV 9 A 10 

* IV 10 A 15 

IV A 15 

IV 12 A 2 

- IV 13 A 3 

og IV 4G A 110 

14 He 15 

15 He 3 

> 16 He 20 | 
5G He 100 


amounts than were obtained. It was observed, how- 
ever, that a visible stain formed on the filter paper 
which could be used as a basis for preparing visible 
standards for analyzing aluminum welding fume con- 
centrations. 

Total fume concentration from the stainless steel 
welding was determined by means of standards which 
had been previously prepared in our laboratory from 
coated electrode welding fumes. These samples vary 
widely, ranging from 1 to 450 mg. per cubic meter. It 
should be pointed out that these results can only be 
considered as approximate since they were compared 
with standards prepared from coated electrodes rather 
than inert-gas-shielded metal-are welding. Since the 
amount of hexavalent chromium was low in the pleated 
filter sample taken in Test No. 4, no significant amount 
could be found in the samples obtained on filter paper 
stains presented in Table 2. 

Results of the gas samples are shown in Table 3. 
These samples all were analyzed for oxides of nitrogen 
by means of the phenoldisulfonic acid method with the 
exception of Sample No. 3 which was analyzed for 
phosphine as outlined above. 


Table 3—Inert-Gas-Shielded Metal-Arc Welding Process,* 
Oxide of Nitrogen Concentrations 


(Same conditions as Table 1) 


Concen- 


tration, 
Test Sample Welding Inert Volume, ppm as 
No. No. material gas ml NO, 
I l 43S8-Al He 330 0.0 
I 2 4358-Al He 317 0.4 
II 4 43S-Al A 310 0.4 
Il 5 13S-Al A 318 0.2 
Ill 6 2S-Al He 333 3.3 
Ill 7 2S-Al He 283 L.2 
IV 8 No. 316 A 260 0.1 
Stainless 
IV i) No. 316 A 253 0.8 
Stainless 
V 10 No. 316 He 265 0.0 
Stainless 
V 11 No. 316 He 255 0.0 
Stainless 
I 3 438-Al He 322 0.0t 


* Aircomatic method. 
t Sample analyzed for phosphine (arsine, stibine). 


The concentrations of oxides of nitrogen range from 
0 to 3.3 ppm and no detectable phosphine was present. 
Table 4 presents data obtained from separate tests 
conducted for ozone determination. Samples were 
collected as close to the are as possible; in front of the 
operator’s helmet in the working zone and from inside 
the helmet by withdrawing the sample from a tube 
located near the operator’s face. The concentrations 
inside the helmet are lowest due to breathing dilution 
as mentioned previously and because of oxidation re- 
action with various materials and contaminants. 

Field results are presented in Tables 5 and 6. The 
data in Table 5 correspond to conditions in which no 
local exhaust. was employed, while those in Table 6 are 
based on two types of exhaust hoods. 
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Table 4—Inert-Gas-Shielded Metal-Arc Welding Process* 


(Same conditions as Table 1) 
Ozone Concentrations 


A. Aluminum welding 


Ozone 

concen- 

Test tration, 
No. Operation Location ppm 
l Aluminum welding Sample tube 2'/2 in. 4.3 


shield gas 80% 
He, 20% A at 50 
cfh, 195 amp 


from center of arc. 
Sample collection 
time 38 sec 


2 Same as | In operator’s work- ®! 
ing zone outside 
helmet 10 in. from 
are. Sample col- 
lection time 38 
sec 
3 Same as | In operator’s breath- 0.53t 
ing zone inside hel- 
met 10 in. from 
are. Sample col- 
lection time 40 
sec 
4 Same as | Same as No. 3. 0.72t 
Sample time 91 
sec 
B. Stainless welding 
l Stainless welding on Sample tube 2!/2 in. 2.4 
flat plate with from center of are. 
multiple passes- Sample collection 
shield gas, argon time 60 sec 
30 cfh, 200 amp 
2 Same as | Same as 1 2.6 
3 Same as | except Same as | 2.5 
1% Oz added to 
shield gas 
4 Same as 3 In operator’s work- 0.96 
ing zone outside 
helmet. Sample 
collection time 60 
sec 
5 Same as 3 In operator’s breath- 0.39 


ing zone inside hel- 
met. Sample col- 
lection time 30 sec 


* Aircomatic method. 
t Row of low-velocity air jets within welding helmet. 


The first type was a simple flexible exhaust hose 
located near the operation and adjusted by the operator 
to suit welding conditions. The second, a movable 
flanged lateral exhaust hood with an opening width 
covering the length of the largest size piece welded. 

It can be seen in Table 5 that oxide of nitrogen con- 
centrations without exhaust are comparable to those 
obtained in the laboratory study (Table 3). Ozone 
concentrations are higher in the field study which may 
be attributed to general room ventilation conditions 
and the length of welding period. This same observa- 
tion also applies to the total fume concentrations since 
longer samples are involved in a more confined volume 
in the field study. 

The results shown in Table 6 indicate a marked re- 
duction in oxides of nitrogen, ozone and total fume 
samples when exhaust ventilation is applied. The 
simple flexible exhaust hose is not as effective as the 
lateral hood and concentrations close to the are are 
not significantly affected. 

Total fume control is much more effective with the 
lateral exhaust hood because a greater control area is 
provided. 
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DISCUSSION metal welded, thus with aluminum alloys the possible 


exposures are to aluminum oxide and silicon dioxide 


In any discussion of welding processes (inert-gas- fumes, ozone and oxides of nitrogen. With stainless 
shielded metal-are included) it is important to consider steel alloys, possible exposures include hexavalent 
that the major health hazards depend on the type of chromium, iron fume, ozone and nitrogen oxides. 


Table 5—Inert-Gas-Shielded Metal-Are Welding Process—Gas and Fume Concentrations 
Unventilated Operations Field Data from New York Naval Shipyard 


Oxides of Nitrogen 


Sample Nitrogen dioxide concentration 
No. Operation Location ppm Mean ppm 
l Welding aluminum joints Operator’s working zone. Welding bay 7.8 
2 sheet metal shop. Near are 5.4 +! 
3 4.3 5.8 
4 Same as above Operator’s working zone outside helmet 2.3 
5 2.5 
6 2.5 
7 2.3 2.4 . 


Ozone 


Ozone concentration 


Sample Welding Mean during 
Sample time, time, Mean, welding, 
No. Operation Location min min ppm ppm 
I Same as above Operator's working zone outside helmet 41 30.2 1.5 2.1 
2 41 26.8 1.5 2.3 
3 42.5 27.4 1.1 1.7 


Total fumes 


Fume concentration 
Sample Welding Mean, Mean during 


Sample time, time, mg /cu welding, 
No. Operation Location min min m mg/cu m 
Same as above Operator's working zone outside helmet 34.6 11.0 37.5 117.6 

2 15.4 9.5 32.5 52.8 


Table 6—Inert-Gas-Shielded Metal-Arc Welding Process—Gas and Fume Concentrations 


Ventilated Operations Field Data from New York Naval Shipyard 


Oxides of nitrogen , 


Nitrogen dioxide 
concentration 


Sample Mean 
0. Operation Location Ppm ppm 
l Welding aluminum joints. Flexible exhaust duct Operator's working zone. Welding bay, 7.0 
2 sheet metal shop. Near are 3.8 
3 3.) 1.6 
4 Same as above. Flexible exhaust duct Operator's working zone outside helmet 0.5 
5 
6 0.9 0.8 
7 Same as above but with movable flanged lateral ex- Operator's working zone outside helmet 0.8 
S haust hood connected to a movable duct. Baffled 0.5 
9 hood also located near floor 0.6 
10 0.6 
11 0.5 
12 0.5 0.6 
Ozone 
Ozone concentration 
Sample Welding Mean dur- 
Sample time, time, Mean, ing welding, 
No. Operation Location min min ppm ppm 
1 Welding aluminum joints. Using Operator's breathing level 67.3 42.5 0.15 0.24 
movable flanged lateral exhaust 
above 
Total fumes 
Fume concentration 
Sample Welding Mean dur- 
Sample time, time, Mean, ing welding, 
No. Operation Location min min mg/cum = mg/cu m 
l Welding aluminum joints. Flexible Operator’s working zone outside 16.3 11.5 16.3 23.1 
exhaust duct helmet 
2 Welding aluminum joints as above Same as above 23.0 wis 3.6 8.5 
but with movable flanged lateral 
exhaust duct and baffled hood 
near floor 
3 Same as above Same as above 17.0 7.8 2.8 6.2 
4 Same as above Same as above 17.8 10.4 1.7 2.8 
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Fumes 


The toxicity of aluminum oxide fumes has not been 
clearly established. There have been reports of lung 
damage to workers in aluminum powder manufacturing 
in Germany'! but these have not been substantiated by 
studies of propeller grinding operations in England." 
In the United States, alumina fume exposures exist in 
alumina abrasives manufacture where the exposure is 
simultaneous with that of silicon dioxide fumes. This 
mixed exposure is equivalent to fumes from welding 
438 or other aluminum-silicon alloys. The British 
experience’ and recent observations in the use of corun- 
dum" (caleined alumina) indicate that uncomplicated 
alumina exposures are not harmful. 

On the other hand, Gartner’ studied corundum 
workers engaged in smelting operations. He concludes 
that the substance which causes damage is really mullite 
(sillimanite) possibly in combination with amorphous 
silica. Hagen" in a recent study of workers breaking 
up blocks of corundum found a significant number of 
cases with lung damage and noted that these men also 
had exposures to furnace fumes. Modder and 
Schmitt" report damage to several workers’ lungs in an 
aluminum smelter. 

Exposures in the U. 8. alumina abrasive industry* 
have resulted in several deaths in men exposed for 
periods of three to ten years. There have been no 
definite opinions whether the injury was due to fine 
silica or alumina or a combination of the two. Fume 
concentrations found in plants manufacturing alumina 
abrasives range from 7'/. to 120 mg per cubic meter of 
total fume with silica (SiO.) percentage varying from 
16 to 54 and the alumina (Al,O;) varying from 35 to 
65%. 

It has been noted before that while the concentration 
of silicon in 438 alloy is only 5%, in the welding fume 
the concentration is nearly 12°. This is similar to 
results observed in aluminum abrasive fume exposures” 
where bauxite, which contains only 4 to 8% silicon 
dioxide, shows as much as 20 to 50° silicon dioxide in 
the ambient fume. Apparently there is differential 
dispersion and the fume is enriched with silica. 

One other study may be mentioned since it was an 
attempt to simulate the alumina abrasive exposures. 
MacFarland and Hornstein” studied rats and guinea 
pigs exposed to inhalation of pure alumina, pure silica 
and alundum furnace fumes for six months. The lungs 
when examined indicated that the silica damage was 
comparable to other silica dusts. The alumina and 
mixed alumina and silica (alundum) exposures produced 
a marked chronic interstitial reaction comparable to the 
industrial cases. 

We have made a few preliminary studies in the 
Harvard laboratories, within the last three years, on 
alumina-silica catalysts as used in the catalytic cracking 
process of the petroleum industry. Results to date 
indicate that this amorphous aluminum-silicate dust 
can cause fibrosis in tissue. Preliminary studies with 
only powdered alumina indicate no reaction. These, 
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however, are preliminary tests and have not advanced 
to the stage where permissible workroom concentrations 
can be established. 

It would therefore seem advisable, in view of the 
questionable nature of such exposures, to establish a 
limit for aluminum welding fume concentrations with 
any are-welding process which would not be injurious. 
After many years experience in the South African gold 
mines on weight sampling and counting of dust, it was 
found that if the free silica concentration was kept 
below 1.0 mg per cubic meter, new cases of silicosis did 
not appear. In this country*! we used a permissible 
concentration value of five million particles per cubic 
foot (light field count) which is roughly the equivalent 
of 0.1 mg per cubic meter (for ly particles*). It is also 
known that smaller particle sizes produce fibrosis more 
rapidly but, conversely, they are not as readily re- 
tained.” Silica fume is, of course, the finest form of 
this material and has sizes ranging from 0.01 to 0.3 yu. 

As a basis for controlling the fume from 438 and 
similar alloys, we feel that total fume concentrations 
should be maintained so that SiO. fume concentrations 
reaching the welder do not exceed 0.1 mg per cubic 
meter. Where alumina fume occurs with silicon as an 
impurity in the welding materials it would seem de- 
sirable to keep concentrations below 15 mg per cubic 
meter. The latter figure is to avoid nuisance and 
irritation problems. 

Fume concentrations in stainless steel welding in- 
dicate that there is very little hexavalent chromium 
present and, on a basis of the allowable concentration of 
0.1 mg per cubic meter for CrOs, a much higher total 
fume concentration than was obtained would be 
permissible. It was recognized by most observers that 
the rapid rate of metal deposition made it unlikely 
that operators could continue welding for long periods 
to create such high concentrations. The amount of 
heat to be dissipated in a rapid welding process in 
confined spaces is as important as the amount of fume 
generated. It appears that the limit of 15 mg per cubic 
meter for total iron fume will be adequate for stainless 
steel inert-gas-shielded arc welding. 


Material Balance Study 


In order to compare the inert-gas-shielded metal-are 
welding process with coated electrodes, on the basis of 
fume production, a material balance was made. Re- 
sults on electrodes were obtained from previous studies 
made at the Harvard laboratory. Data on the inert- 
gas shielded metal-are process were obtained at the 
Apparatus Research Laboratory.t These results are 
summarized at the top of the next page. 

It is apparent from this data that this inert-gas- 
shielded metal-are process, in spite of higher current 
densities, does not consistently produce as much total 
fume as coated electrode welding. Some of this differ- 


* Theoretical conversion 0.1 mg of | w spheres of quartz equals 2 million 
particles per cubic foot = mppcf, assuming a standard deviation of unity. 
+ Obtained by H. R. Fisher and his colleagues at the Air Reduction Co. 
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Fume in % 
of electrode 
Type of operation weight 
1. Electrodes’ to '/s-in. coated) op- 
timum current density on black iron 4.0 


2. Electrodes’ (5/s:- to '/;-in. coated) op- 

timum current density on galvanized 

iron 9.0 
3. <Aircomatic-stainless steel No. 316, 

in. wire and No. 347 base plate, 


argon shield 0.5* 
4. Aircomatic-aluminum 2S wire and 
base 
Argon shield 3.0° 
Helium shield 1.9* 


* Includes some spatter loss. 


ence may be due to the size and rate of feeding the elec- 
trode and some to oxidation loss. Reduced loss of 
material lessens the amount of atmospheric fume con- 
tamination. 


Gases 


Gas concentrations indicate that the amounts of 
oxides of nitrogen present in the inert-gas-shielded 
metal-arc process sampled are well below the permissible 
limit of 25 ppm of total oxides (ASA standard). In 
spite of the higher current densities, the action of the 
gas shield and the size of the are do not produce as high 
oxide of nitrogen concentrations as bare rod_ stick 
welding. The concentrations in Tables 3, 5 and 6 are 
comparable to values obtained for coated-rod are weld- 
ing. The oxides of nitrogen values given in Tables 5 
and 6 are nitrogen dioxide and represent what is con- 
sidered as the most toxic component of the total oxides. 
These figures are well within the lowest recommended 
limits even very close to the are where high tempera- 
tures exist. 

Ozone concentrations in the laboratory and _ field 
studies only exceed the suggested maximum allowable 
concentration of 1 ppm (American Conference of 
Governmental Industrial Hygienists, 1953*') near the 
are and working zone. Inside the welder’s helmet in 
his breathing zone, concentrations are below this 
value. The odor detected near the working zone 
is classified as ‘“chlorinelike.” Thorp** reports that 
pure ozone from 0.1 to 2 ppm has an odor similar to 
that of clover or new-mown hay, and from 2 to 10 ppm 
it has a garliclike odor. The presence of small amounts 
of oxides of nitrogen changes the odor and it is called 
chlorine or ammonia by various observers at 0.1 to 5 
ppm. Above 5 ppm the odor is acid in character. 

Pure ozone is apparently much less toxic than ozone 
and oxides of nitrogen mixed, which is the usual case, 
hence a limit of 1 ppm is set for the latter case. Ap- 
parently the nitrogen oxides exert a synergistic effect 
with ozone. 

It should be borne in mind that ozone is quite un- 
stable and that ozone and oxides of nitrogen react 
rapidly. The kinetics of this reaction are discussed 
by Johnston and Yost.** It will suffice here to point 
out that the reaction is nearly completed in a few 


seconds and may be computed from rate constants 
presented by these authors. 

The zone which appears to be the most important to 
control is not at the arc but in the welder’s breathing 
zone. The ozone concentrations in the working zone 
for coated electrodes and inert-gas-shielded metal-are 
welding do not differ materially as the summary 
presented in Table 7 shows, but appear to depend more 
upon the metal excited. These determinations were 
made at the same time as the inert-gas-shielded metal- 
are studies for comparative purposes. From these 
data it is evident that manual aluminum welding 
produces the highest inert-gas-shielded metal-are work- 
ing and helmet concentrations, but they are not signifi- 
‘antly different from those of the coated electrodes 
commonly used. Of course, electrode welding at 
lower current densities produces much less ozone as 
other investigators have shown. 


Table 7—Ozone in Welding Atmospheres 


Mean ozone concentrations, 


Are ppm 
current, At Working Inside 
Method amp are zone helmet 


Inert shield (aluminum) 
Automatic (4 ft from 


are) 
Manual (10 in. from 

arc) 195 4.3 2 0.63* 
Manual 192 14.0 3.2 0.54 


Inert shield (stainless) 
Manual (8 in. from 
are) 200 2.5 0.96 0.39 
Manual 200 1.5 1.5 0.50 
Standard electric are 
(mild steel, 18 in. 
from arc) 
Coated electrode, 
in. 220 1 0.7: 
Bare electrode, in. 220 3.6 0.57 


* Row of low-velocity air jets within welding helmet. 


CONTROL OF EXPOSURES IN INERT-GAS- 
SHIELDED METAL-ARC WELDING 


It is important to note here that inert-gas-shielded 
metal-are welding is not any more hazardous than other 
welding procedures, but because its operational require- 
ments and other features vary somewhat, different con- 
trol requirements are needed. 

As in all welding exposures the methods of control are 
similar. The limitations to continued welding in 
confined spaces are principally heat and irritating gas 
concentrations as pointed out previously by Viles and 
Silverman.*> There are two methods of controlling the 
fumes and gases from are welding. General or dilution 
ventilation can be supplied to the enclosure or welding 
space at such a rate that effective dilution of the fumes 
takes place and high concentrations cannot develop. 
This method, of course, is for the general environment 
but does not efficiently remove fumes near their source. 
The volumes of air necessary to effectively reduce the 
concentrations to which the operator is exposed, make 
general ventilation uneconomical except for other 
workers exposed in large shops or workrooms. Its 
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chief advantage for inert-gas-shielded metal-are welding 
is that the air velocities created would not be sufficient 
to disturb the inert-gas shield. Obviously it would not 
be possible to appreciably dilute the gas and fume 
concentrations in front of the individual welders by this 
method. 

More effective control is provided by the use of local 
exhaust hoods and, as shown in Table 6, it is possible 
to provide enough lateral exhaust with a flanged hood 
as described without disturbing the inert-gas shield. 
Typical hood application is shown in the uncontrolled 
arc, Fig. 2, and the controlled, Fig. 3. No visible fume 
is escaping in the second case. The correct distance 
can be determined by adjustment. Flexible exhaust 
ducts can control the exposure but do not cover 
sufficient area unless the operator continuously re- 
locates the opening to maintain control. 

In the event that local exhaust cannot be used it is 
recommended that an individual air supply to the weld- 
ing hood be provided. The article by Eisenbud and 


Fig.2 Welding aluminum bronze without exhaust, using 
'/e-in. wire, 235 amp, 24 v and 30 chf of argon 


Fig. 3 Welding aluminum* bronze with exhaust using 
1/\g-in. wire, 235 amp, 24 v and 30 cfh of argon 
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Silverman® describes these devices and their effective- 
ness. They can also be used by welders who may ex- 
hibit individual sensitivity to welding gases. 

Reported symptoms of headaches, eye irritation and 
a “dry feeling” in the throat have been evoked in weld- 
ing of aluminum with inert-gas shields. The first two 
reactions it is believed are due to improper eye pro- 
tection as discussed below. The dry throat or upper 
respiratory irritation may be attributed to ineffective 
heat dissipation or fume and gas control. 


Radiation Exposures 


The protection of the welder from radiation is an 
important consideration in inert-gas-shielded metal-are 
welding, particularly on aluminum fabrication. The 
correct glass composition for protection of the eyes is 
an important item. It is recommended that care be 
exercised to keep all exposed skin surfaces protected 
on head, hands and body. It is also desirable to avoid 
white or reflective garments that would increase the 
intensity of the light striking the eye protective filter 
glass. In addition, the high ultraviolet deteriorates 
fabrics rapidly making full leather jackets and gloves 
more economical for high-duty cycles. 

The radiation exposures from inert-gas-shielded 
aluminum ares are richer in certain bands (see Fig. 1) 
than those encountered in normal coated electrode 
welding operations. This is largely infrared energy at 
well above the usual electrode levels. Since the 
emissivities of the inert-gas-shielded arcs at the longer 
wave lengths have not yet been completely determined 
and since the transmission characteristics of the filter 
glasses used are not known quantitatively at these 
longer wave lengths, it was decided that the high factors 
of safety present in the use of filter glasses for eye pro- 
tection would be maintained for operators using this 
welding technique and a study” was made in order to 
develop and specify a goggle having a greater absorb- 
ance of infrared radiation than present goggles, and 
one which would still provide equivalent transmission 
in the visible range. On a basis of this investigation it 
was found that the best protective glass is one com- 
posed of three layers finished to optical flatness as 
required by current Federal Specifications. These in 
order are as follows: 


1. A sheet of clean heat-resistant glass possessing a 
transmission of 92% or better at all wave lengths from 
400 to 750 my when compared with air. Its sole pur- 
pose is to protect the next two layers of glass from 
spatter. 

2. A sheet of regular welding filter glass (such as 
Noriweld or Filterweld) meeting all current specifica- 
tions for welder’s goggles except that it shall be lighter 
by one shade number than it is desired to have the final 
assembled goggle. That is, if it is desired to make a 
Shade 10 goggle, a Shade 9 filter shall be used. 

3. A third component in the glass series should have 
transmission characteristics equivalent to those of 
Corning Glass Co.’s Aklo* in the wave-length region 
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CLEAR PYREX 
(185mm THICK) 


ARC SIDE 


WELDING FILTER 
(| SHADE LIGHTER THAN 
OPERATORS USUAL CHOICE 
PRESENCE OF AKLO REDUCES 
RADIATION BY ONE SHADE NO) 


(SHADE 2,1 85mm THICK) 


ORDER OF AKLO AND FILTER GLASS 
1S IMMATERIAL 


Fig. 4 Schematic assembly of protective glass for inert- 
gas-shielded metal-arc welding 


from 0.2 to 5u. The thickness of this glass shall be 
such that its transmission of monochromatic light of 
wave length 510 my shall be 42.5% of that of air. The 
order of the second and third components is inter- 
changeable. Figure 4 shows a schematic assembly of 
the final goggle. 

Sizes are not specified since they can be made to fit 
various types of goggles. 

Many of the complaints in inert-gas-shielded metal- 
are welding operations have been largely headaches and 
watery eyes, and are believed attributed to in adequate 
eye protection. Some rapid clothing deterioration has 
also been reported, which is also due to the same 
exposure. 

It should be realized that the specifications for added 
eye protection with the inert-gas-shielded metal-are 
welding process is a temporary measure that may 
become permanent or may be dropped on completion 
of further studies to determine the need for the high 
infrared absorption characteristics of the present 
standard filter glass combinations. 


CONCLUSIONS AND RECOMMENDATIONS 


1. Ona basis of this study it is apparent that inert- 
gas-shielded metal-are welding does not create any 
unusual health hazards. Fume and gas concentrations 
are not markedly different from conventional electrode 
welding. 

2. Ozone concentrations are greatest near the are 
and exceed permissible limits outside the helmet in the 
working zone if no control is applied. Ozone concen- 
trations inside the helmet are below recommended 
limits due to dilution and ozone decomposition. 

3. Inert-gas-shielded metal-are welding produces 
higher ozone concentrations on aluminum than on 
stainless steel but no difference could be noted between 
argon- and helium-shield gases. 

4. Stainless-steel inert-gas-shielded metal-are weld- 
ing does not produce significant hexavalent chromium 
concentrations. Lron fume should be controlled within 
specified limits for elimination of visibility loss and 
nuisances (15 mg per cubic meter). 


* Glass Color Filters, by Corning Glass Works, p. 19. Copyright 1948. 
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5. The fume hazard from silicon alloy welding of 
aluminum is proportional to the amount of silicon 
present. Silica fume concentrations exceed permissible 
limits with 5° silicon-aluminum alloys unless local 
ventilation is used. As a tentative limit in the light of 
present knowledge on the effects of mixed alumina and 
silica exposures, it is recommended that total fume con- 
centrations be maintained below 15 mg per cubic meter 
for aluminum alloys where silicon is only an impurity. 
The total fume concentration when silicon is present 
should be such that the silica concentration does not 
exceed 0.1 mg per cubic meter. 

6. Oxides of nitrogen concentrations are below 
allowable limits even in the absence of ventilation. 
The inert-gas shield, reactions with fumes, and ozone 
prevent abnormal air concentrations in the working 
zone. 

7. When it is desirable to control fumes and gases 
from are welding, the use of lateral exhaust ventilation 
is the most efficient. Care must be taken in its use, 
however, to avoid disturbing the inert shield. Fume 
concentrations with the inert-gas-shielded metal-are 
welding process appear to be independent of the type 
of shielding gas. 

8. There is no basic reason to believe that the 
general specifications for are welders’ filter glass which 
are ordinarily used in coated electrode welding do not 
give adequate protection against long-wave infrared 
although a more highly absorbent infrared glass com- 
bination is recommended at present until an adequate 
quantitative study is made. The recommended com- 
position for satisfactory control is given in this article. 

9. Operators sensitive to gaseous products of weld- 
ing, such as ozone, should use local exhaust supple- 
mented by air supplied helmets if necessary. 

10. In terms of deposited material, inert-gas- 
shielded metal-are welding produces less fume per unit 
weight of electrode wire used when compared to coated 
electrode are welding. 
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Table 1—Average Mechanical Properties of Nickel-Iron 
Arc-Welded Joints in Ductile Iron 


Yield 
strength, Tensile 
Plate Postweld, 0.2% offset, strength, Elongation 
condition HT* pet pst in 2in., % 
As-cast AW 56,900 65,000 1.5 
As-cast FHT 45,900 63 , 800 10 
As-cast FT 47,700 61,600 5 
Annealed (FHT) AW 44,500 60 ,600 9 
Annealed (FHT) FHT 42,500 60,500 12 
Annealed (FHT) FT 44,700 60,700 13 


*AW = as-welded: FHT = 1650° F-1-FC + 1275-5-AC; 
FT = 1275° F-5-AC 

The data show the value of welding ductile iron in 
the annealed condition and also the effect. of postheat 
treatment. A few commercial applications involving 
the use of the nickel-iron electrode are shown in accom- 
panying illustrations.* Incidentally the nickel-iron 
electrode was also used for all repairs of casting defects 
in the Ductile Ni Resist and ductile iron castings used 
in the above-mentioned jet aircraft engines. 

It should also be pointed out that repair welding by 
the oxy-acetylene process, using ductile iron filler, is 
being accomplished satisfactorily by a number of 
foundries. 

We agree with the authors that brazing offers a useful 
method for joining of ductile iron. There are no doubt 
numerous fields of application where brazing can be 
profitably employed to obtain some of the metallurgical 
advantages suggested by the authors. Further work 
in this field ts needed. 

In summary, field experience suggests that, when 
suitable precautions are observed which take into 
account the special characteristics of the material, 
fusion welding of ductile iron is commercially practi- 
cable. In fabrication welding of ductile iron, care should 
be taken to design the structure so that welds will be 
located in least critical areas with respect to service 
stresses. This is, of course, common practice in design 
of welded structures. 
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Discussion 


Nodular Cast Tron 


Authors’ Reply 


The authors wish to thank Mr. Kihlgren for his 
discussion of their paper. He presents some interest- 
ing examples of commercial applications of welded 
ductile iron. 

Unquestionably, ductile iron can be satisfactorily 
welded in many applications where design factors are 
favorable and especially when the weldment can be 
given a full heat treatment both before and after weld- 
ing. However, such high-temperature heat-treating 
cycles are a severe limitation on large-scale structural 
joining owing to the high costs involved. 

In addition, the authors wish to point out that all the 
physical properties presented by Mr. Kihlgren were 
obtained from transverse tensile tests, which can hardly 
be expected to give realistic results when the welded 
joint contains zones of appreciably diferent strength 
and duetility. More realistic data should be obtained 
from longitudinal bend tests and impact tests. 

A restatement of our conclusions will make clear that 
there is no fundamental disagreement between our point 
of view and that of the discusser. 


1. <A joining process for nodular iron that carries 
any part of the base stock over the eutectic temperature 
will result in microstructural changes detrimental to the 
physical properties of the joint. 

2. The impairment of properties will be severe if 
continuous carbide networks form and persist. 

3. Graphitizing heat treatment will not completely 
restore the properties because of unfavorable size, shape, 
and distribution of the graphite in the HAZ. 

4. This impairment under current joining practice 
must be taken into account, either by locating joints in 
regions of low stress or, if this is impossible, by derating 
the design stress of the structure. 

5. Fruitful avenues for further research are: 

a) Development of a brazing process that can be 
conducted entirely below the eutectic temperature of 
the stock and that uses a filler metal of adequate 
strength and ductility. 

(6) Development of a welding process that yields 
proper graphite structure in the weld and HAZ. 


229-s 


3 

: 

4 

: 

q 

2 


Vessels Subjected Static and 


Loads 


by E. D. Narduzzi and Georges Welter 


Abstract 


The following is a condensed version of a comprehensive re- 
search work carried out by E. D. Narduzzi, as partial fulfillment 
of the requirements for a Master of Applied Science Degree. 
This investigation is the first of its kind to initiate a series of more 
advanced studies concerning the behavior of thick-walled pres- 
sure vessels, After having overcome all technical difficulties 
naturally involved in an experimental research work dealing with 
quite exceptional pressures up to 50,000 psi, it was possible to 
test a small number of models of various dimensions statically 
and dynamically. Fatigue tests were initiated and conclusive 
results in this field have not yet been obtained. 

It is felt that the opportunity for continuing this work is ex- 
cellent now that the groundwork has been thoroughly prepared 
in the form of building special machinery and organizing the 
testing procedure. 

This investigation was carried out in the Strength of Materials 
Laboratory of the Ecole Polytechnique Institute, Montreal, 
Quebec, Canada. 


Synopsis 
HE purpose of this investigation was to study the 
mechanical properties of various materials to be 
used in the manufacture of vessels resisting very 
high internal pressures while being subjected to 
static and dynamic loads at room temperature. No 
attempt was made to determine the distribution of 
stresses in the fully plastic range. The determination 
of the mechanical properties included elastic stress- 
strain relation and yield and ultimate strengths for the 
models and test bar specimens. The walls of the 
cylinder under pressure were subjected to a state of 
triaxial stress of unequal magnitude. For thick-walled 
vessels the Lamé equation can predict fairly accu- 


E. D. Narduzzi, M.A.Sc., Ecole Polytechnique, University of Montreal; 
Dominion Bridge Co., Ltd., Lachine, Quebec, Canada. 

Georges Welter, Ph.D., Director of Research and Professor of Applied Me- 
— Ecole Polytechnique, University of Montreal, Montreal, Quebec, 
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» Elastic stress-strain relations for external and internal walls 
for cylindrical shells subjected to internal pressure. 
son of actual stresses to theoretical stresses. 
various theories of fracture. 


Narduzzi, Welter—Pressure Vessel Tests 


Compari- 
Application of 
Suggestions for design formulas 


rately both the yield and ultimate strength for vessels 


fabricated from ductile material. According to these 
experiments, the tangential strain and stress of the 
internal wall are always greater than those of the ex- 
ternal surface. Furthermore, both wall surfaces yielded 
at the same time with the external wall surface only de- 
veloping longitudinal cracks before rupture. Inden- 
tations or material imperfections are potential origins 
of fractures. Thick walled vessels show brittle fractures 
with little deformation while thin-walled vessels frac- 
ture by shearing with large deformation. Flat heads 
on vessels increase the yield and the ultimate strength 
of comparatively short shells. 


INTRODUCTION 


The tendency in the chemical and oil industries to 
operate processes under higher and higher pressures has 
forced the engineer to devote more attention to the 
design of pressure vessels. This of course demands 
superior steels and better fabrication methods in order 
to cut down weight and over-all cost. Economy and 
safety are the requisites of a balanced design. 

This investigation deals with the determination of 
actual stresses in the elastic range at the iftternal and 
external walls of a vessel as well as the yield point and 
the ultimate strength. These stresses are compared 
with test bar values (Table 1) obtained from specimens 
cut tangentially from tbe shell as shown in Fig. 3. 

This rather short work cannot be conclusive and the 
importance of further experimentation on static and 
fatigue tests is emphasized to determine the endurance 
limit stress which can finally lead to the reduction of the 
present permissible safety factors. 


THEORETICAL ANALYSES 


Many analytical methods of pressure vessel design 
have been proposed in an attempt to approach closer 
to actual conditions. 
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Table 1—Test Bar Results 


The direct application of most of 
these equations to the design of 


DESCRIPTION 


VESSE 


L No. 


pressure vessels is questionable as 


3 


4 


5 


experimental results obtained differ 


Material 


A.S.T.M, 
A-106, Gr.B 


S.A.E. 
10350 


A.S.T.M. 
A-201,Gr.A 
F..B.2 


from theoretical values. The graphs, 
Figs. 9 and 10, show experimental 
ran be 


Blongation 


25.6 


31.5 


28.5 & 


and theoretical results. It 


Reduction in Area 


48.0 & 49.5 & 


51.5 


seen that the curves of experi- 


mental results are located between 


Point 


Stress at Yield 


29,650 psi | 35,500 psi 


36,000 psi 


41,060 psi 


those given by both thin cylinder 


Ultimate Stress 
(Original Area) 


60,950 psi} 69,050 psi 


75,000 psi 


59,735 psi 


formulas and are much higher than 


those determined by the well- 


Ultimate Stress 
(Final Area) 


117,100 psi /136,200 psi 


155,000 psi 


known theories (Curves 6 to 9, in- 


* Obtained from Mill Test Reports. 


The following theories of failure of elastic action were 


used for comparison with experimental results (Tables 


4 and 5): 


1. The Maximum Principal Stress Theory. 
The Maximum Strain Theory. 
The Maximum Shearing Stress Theory. 


The 


Maximum Strain Energy Theory. 


VESSEL] 


No. 


Table 2—Vessel Fabrication 


DESCRIPTION 


| 
Seamless shell machined from ASTM A-7 bar | 
stock material 4!/,in. diam 


Fabricated from ASTM A-106, Grade B 
schedule No. 160 seamless steel pipe 


6 in. 


diam. The pipe was not machined at either 


inside or outside wall surfaces 


Fabricated from “ASTM A-106, Grade B 


schedule No. 140 seamless steel pipe 


8 in. 


clusive). 


or 


10,000 


15,000 36,008 0,000 «646,000 30,080 


- 
Fig. 1 Compressibility of fluids 


diam. The pipe was concentrically ma- 

chined at inside and outside wall surfaces 
A one-piece seamless shell and head machined 

from a SAE 1030 forged steel billet (Fig. 2) 


3 - 1/16"¢ Holes 120° Apart for 
#16 BWG. “Formex" Coated Co r Wire. 


SPS-245 


Vessel constructed in accordance with the 
ASME Code for UPV, 1949 Edition, with 
welding to paragraph U-69 and stress re- 
lief. Shell was pressed hot in two halves 


Wires then 


3) 


with two longitudinal double, butt-welded 
joints ground flush inside and outside (Fig. 


ith*"Woods* | | 


|. | 


Plug for internal strain gage outlet 


Table 3—Physical Dimensions of Vessels 


DESCRIPTION 


VESSEL No. 


1 


2 


3 4 


Outside Diameter- 


3.246" 


6.771" 


8.574" | 9,480" 


Inside Diameter - I.DJ 


2.002" 


5.345” 


6.966" | 5.000" 


Wall Thickness 


-t 


0.622" 


0.713" 


0.804" | 2,240” 


Ratio - I.D./t 


3.23 


7.5 


8.66 2.23 


Inside Length 


= 


23-1/2" 


23-1/2"% 21-1/2" 


Ratio - I.L./I.D. 


5.49 


4.40 


3.38 4.30 3.00 


Deformation beyond 
the Yield Point 


Large 


Small 


Very 
Small 


Very 


Small com 
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STATIC TESTS 


Industrial and model pressure 
vessels have been statically tested 
to rupture by several  experi- 
menters'~’ mainly to determine the 
particular design. 
These vessels having a ratio of in- 
side diameter to the wall thickness 
greater than 16 could be classified 
as “thin wall’; the internal pres- 
sure rarely exceeded 5000 or 6000 
psi. 


safety of a 


In this investigation static tests 
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Table 4—Experimental Stresses 


of repeated loadings as in the case 
of fatigue tests, preliminary com- 


Bac a i STRESSES CALCULATED FROM STRAINS pression tests with various fluids 
pumas as glycerin. and oil were carried out. 
Internal Surface External Surface : 
Elastic] Yield Tha f I le 
No. Ibe results of these tests made 
Limit | Point S, Ss, S, 
under pressures up to 50,000 psi are 
1 14,500 -- 18,000 9,600} 4,600 
’ 16,000 19° 800 10° 600 5° 100 shown in Fig. 1. 
2 9,000 -- |25,100 -- | 26,200] 13,500] 6,400 
9,500 26, 600 27,600] 14,200] 6,800 FATIGUE TESTS 
3 8,300 53,400 | 23,500 | 15,900] 31,400] 14,780) 8,500 
8,800 | 56,700 | 24,750 | 16,8709 355,900] 15, 450} 9, 000 Two machines were designed and 
4 21,000 67,500 | 25,500 | 22,0009 12,600] 6,800) 5,400 fabricated for this project to test 
26,500 Large | 54,500 | 52,400] 20,000} 10,000) 5,000 
vessels to destruction under dy- 
5 5,000 30,700 }20,000] 5,500] 29,500] 16,500] 6,700 
6,200 38,000 |24,300 | 6,900] 37,900] 21,500} 8, 100 namic loads: 


NOTATION: Sy - Tangential Stress 
S; - Longitudinal Stress 
Ss - Shear Stress 


1. The Twin Arrangement 
Pulsator with an average pressure 


Table 5—Comparison of Theoretical Stresses 


TANGENTIAL 


STRESSES 


INTERNAL PRESSURE 
INTERNAL 


SURFACE 


SHEAR 
TERNAL THIN 


VESSEL p.sei. 


STRENGTH THEORY 


STRESS 
SURFACH CYLINDER 


NO. Elastic|Yield 


Limit |Point Rupture A c 


1 2 


1 2 3 
RINO | LAME |Using | asus [TERNAL 
D Ins. |Mean Code 


Formula Formula Rad. | Rad. | SURFACE 


1. | 14,500 
16,000 


32,500] 36,800]/34,100] 47,000] 38,500 34,300 17, 700 |23,400/30,600 32,000) 23,500 
35,900] 40,700]/37,700] 52,000] 42,500) 37,800 19,600 |25,800/33,800 35,390) 26,000 
28,000 62,700] 71,000/65,900] 90,700] 74,400 66,200) 34,200 |45,200/59,100 61,900 45,400 


2. | 9,000 
9,500 


38,500] 41,100/36,800] 47,600] 42,100] 36,800 29,500 [33,800/38,200 39,200) 23,800 
40,600] 43,500/38,800| 50,200] 44,500] 38,800 31,200 [35,600/40,400 41'400, 25,100 
17,000 72,800] 77,600/69,500] 90,000] 79,700] 69,500, 55,800 |63,900/72,100 74’ 000] 45,000 


3. | 8,300 
8,800 


41,100] 43,500/38,600| 49,600] 44,500 38,600 32,800 |36,000/40,100 41, 000] 24,800 
43,600] 46,200/41,000] 52,400] 47,100) 41,000) 33,800 43’500] 26,200 
15,100 75,000] 79,100/70,200] 90,400] 81,000 70,400 59,600 |65,500/73,000, 74’550) 45,100 


4. | 21,000 
26,500 


37,200| 43,500|39,800| 56,400] 48,100 41,100 14,000 |23,400/34,000 goa] 29,200 
47,000] 55,000/50,300] 73,600] 60,600 52,000 20,400 |29, 600] 42,9001 102’ 36, 800 
50,000 88, 500] 103 ,800/ 94, 800] 139 , 000] 114,800 98, 000} 33 , 400 69,500 


5. | 5,000 
6,200 


10,000 


29,500) 34,200) 31,200 27,200 24,500 /26,700/29,200 22 250) 17,100 
36,300] 38,200/33,600] 42,400] 38,700 33,700 50,000 27, 600) 21,200 
58,600] 61,600/54,300/ 68,400] 62,400 54,4 


48,600 |53,400]/58,400 44’500) 34,200 


NOTATION: A - Maximum Principal Stress Theory (Lamé) 
B - Maximum Strain Theory - 1) Longitudinal Stress Omitted 
2) Longitudinal Stress Included 
C - Maximum Shearing Stress Theory 


were carried out at room temperature under much 
higher internal pressure reaching in one case a maxi- 
mum of 50,000 psi. The load was applied by means 
of a 60,000-lb Baldwin testing machine acting on a 
small piston and cylinder arrangement designed with 
check valves for repeated strokes (Fig. 11). The 
hydraulic medium used was a light-grade lubricating 
oil which proved to be as good as high-grade dielectric 
transformer oil. Fluid pressure was applied in small 
increments and strain and deformation readings were 
taken at each increment as far as possible beyond the 
vield point. 

Due to the fact that it was important to dispose of 
the fluid medium with a minimum of compressibility at 
such high pressure, especially in view of a great number 
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D - Maximum Strain Energy Theory. 
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of 5000 to 20,000 psi can give by changing the pistons, 
cylinders and stroke a maximum pressure of 50,000 
psi and 50 to 100 epm. This machine is suited for 
testing vessels with thin- and medium-walled thickness 
under repeated load. 

2. A completely automatic air-operated hydraulic 
pump arrangement with a maximum capacity of 20,000 
psi and the number of evcles depending on the pressure 
and the volume of oil to be displaced. This arrange- 
ment is best suited for large vessels and can also be 
used for applying direct statie loads. 


INSTRUMENTATION 
All vessels tested in this project were equipped with 
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Fig.{3 > Test bar specimen cut tangentially from shell of 
vessel 


Fig. 4 Detail of vessel 4 


2'- 3-1/2" 0.A, 
3/44" 2'- O” Ins, -3/4" 
Stra 
Gauge Long), 8"ID. 011 
Pl am niet 


3/4" Wall 


Inside 3/4" 


HEAD TO SHELL wsLD 


Fig. 5 Detail of vessel 5 
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the following strain 
vices: 

1. Standard A-1, SR-4 as well as PA-1, Post Yield 
strain gages and rectangular rosettes located 
on the internal and external walls. 

2. Huggenberger extensometers on the outside wall. 

3. Dial gages for outside diameter and circum- 
ference deformation readings. 

The internal strain gages were installed first, then 
the remaining flat head was welded in place. During 
the welding operation these gages were protected from 
excessive temperature by cooling water applied on the 
outside surface as well as by circulating air through the 
vessel. 

What at first appeared to be a major problem of 
extracting leakproof, yet electrically insulated, leads 
from internal strain gages, was very simply solved 
by using plugs as shown in Fig. 2. During pre- 
liminary tests these proved satisfactory under re- 
peated oil pressures as high as 60,000 psi. The “For- 
mex” coated copper wire No. 16 B.W.G. used, received 
a perfect bond with the slow cooling ‘““Woods” metal 
poured into the conical chamber. The plug threads 
when coated with a plastic seal and securely tightened 
in place withstood without leakage the above-men- 
tioned hydraulic test pressure. 


RESULTS AND OBSERVATIONS 


The strain readings for all instruments on each 
vessel were carefully plotted and interpreted. The 
stresses calculated from these strains were compared 
with theoretical values as shown by Tables 4 and 5. 

During these high-pressure tests it was observed that 
general yielding of the shell occurred simultaneously 
for the internal and external walls in both the tangen- 
tial and longitudinal directions contrary to expected 
differences (Figs. 6 and 7). 

In thick-walled vessels the internal surface strains 
were much greater than the external strains. Very 
small deformations were observed in the shell wall up 
to the breaking point. In thin walled vessels where the 
internal and external strains did not vary appreciably, 
large deformations of the shell wall resulted in a con- 
siderable reduction of thickness. Further, it was ob- 
served that strains obtained from gages located at 45 
deg to the principal axes (as in rectangular rosettes) 
always gave values which ranged somewhere in _ be- 
tween the longitudinal and circumferential strains. 
For the internal surface of a vessel these strains ap- 
parently approached the magnitude of the tangential 
strain as the wall thickness increased. 

It is estimated that the increase in longitudinal 
strain for the external surface at a stress near the 
yield point of the material is shown somewhat greater 
than it would be. The vessels used were rather short 
and the end restrictions due to the flat heads caused the 
shell to bow, which, as far as the external longitudinal 
strain is concerned, introduces an additive tensile 
strain. This, however, cannot be regarded as the 


233-s 


and deformation measuring de- 
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Dia. | 

| 

4" R 

Sms 
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cause of the sudden increase of the longitudinal strain 
because it was equally observed for Vessels 2, 3, and 4, 
which had different thicknesses and very little deforma- 
tion. 

Another peculiarity is, that, at the yield point the 
calculated internal tangential stress is higher than the 
ultimate strength of the material for Vessel 4, close to 


wet oe Sar the ultimate for Vessel 3 and almost equal to the yield 
. point stress for Vessel 5. It is evident that this is 


a factor depending on the wall thickness and the in- 
ternal diameter of the vessel. In all cases the tangen- 
tial yield stress at the external surface was below the 
yield point stress of the material. External longi- 
tudinal and circumferential stresses were found to be in ‘ 
the right proportion to each other, that is, in the ratio 
of one to two respectively. It was noted also that the 
shear stress for the internal surface appeared to shift 
toward the value of longitudinal stress as the wall thick- 
ness increased (Fig. 8). 
For thick-walled vessels even though the stress at 
the inside surface may be very high, the material may 
have reached the plastic range while the external sur- 
200 2000 face is still below the yield point stress. The inside 
surface is prevented from cracking by the compressive 


UNIT STRAIN - MICRO. 
force of the understressed outer shell. The radial 


Fig. 6 External longitudinal and circumferential shell 
strains stress which may have reached the yield point value 


is probably also responsible for preventing cracking on 
the inside surface since it is a compressive stress. 


EEE EEE EEE 


50, 000 {= RUPTURE @ Circum. Axis of 
@) Vessel 
Lo Axi y 
ng. Axis 
40, 000 of Vessel 


RECTANGULAR ROSETTE 


11 30,000 4 Ext. at 45° to 
Principal axes 


Int. Lon . 
(Approx. 


Int. Circum. 


Int. at 45° to TYPICAL STRAIN CURVES 
Principal axes FOR SHELL 


VESSEL NO. 4 
INTERNAL PRESSURE 
vs. 
INTERNAL AND EXTERNAL WALL STRAIN 


2,000 3,000 4,000 


UNIT STRAIN MICRO. IN/IN. 


Fig. 7 Typical shell strains for internal and external wall surfaces of vessel 4 
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Thin Cylinder Formula, Stepr (rs ins. radius) 
INTERNAL PRESSURE VESSEL No. } Experimental - Yield Point Condition 
v3 Experimental - Ultimate Strength Condition 
Int. Press. at Thin Cylinder Formula, St-z=pr ir s mean radius) 
MEASURED STRESS 16000 psi ASKE Formula for Thin Wall Vessels 
NOTE: Pull Lines Sarfeee Max. Principal Stress Meory (lamé) 
Dotted Lines . Surface Max. Strain Theory 
Shear Stress Max. Strain Energy Theory 
Longitudinel Stress Max. Shearing Stress Theory 
Tangential Stress 


VESSEL No. 2 


Int. Press. at 


VESSEL No. 35 


Int. Press. at 
Y.P.= 6800 psi 


INTERNAL PRESSURE 
TANGENTIAL STRESS 


SSEL_ No. 4 


Int. Press. at 
Y.P.= 26500 psi 


DIAMETER RATIO <= R = 
VESSEL No, 


— Int. Press. at 
Y.P.2 6200 psi 


Fig.9 Comparison of stress curves 


However, the condition of stress which exists in the 
cross section of the wall of a vessel cannot be explained 
readily accordingly to the above-mentioned results. a 
Fig. 8 Experimental stresses The limiting conditions of maximum and minimum 
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stress can be calculated for the inside and outside sur- 
faces and in between the stress must have some inter- 
mediate value which will not follow the common con- 
cept presented by the Lamé equation. In thick-walled 
vessels the tangential stress for the external surface 
may reach a value equal to the yield stress of the ma- 
terial only after considerable deformation while the 
internal surface may not be very far from the ultimate 
strength. The fact that the graphs for Internal Pres- 
sure vs. Internal and External Tangential Strains show 
these two surfaces to vield together might mean that the 
external surface stress rises instantaneously to and 
beyond the yield point value once this general vielding 
is reached. Having reached this stage it is quite 
possible for the whole cross section to act plastic 
throughout. 

Experimental results for tangential stress when com- 
pared with Lamé’s formula were found to be as follows: 


Fig. 11 Vessel 4 ready for testing 


(a) For the yield point condition about 22° higher. 

(b) For the ultimate strength condition only about 

13°% higher. 

It can be said that the Lamé formula is rather con- 
servative, it approaches closely to the actual stresses 
calculated from strains and may be applied satis- 
factorily for the design of thick-walled pressure vessels. 

The above statements are opposite to the findings of 
earlier investigators’ who claim that based on testing 
full-size thick-walled vessels the maximum ultimate 
pressures obtained were 80 to 85°% of those predicted 
by Lamé formula. It was previously found also that 
for full-size vessels, presumably built to code regula- 
tions, with shell lengths only twice the diameter the 
ultimate pressure was increased by 13 to 14%. Since 
the average length of model vessels tested was roughly 
four times the internal diameter it can be assumed that 
the rigidity due to the flat heads is noticeable in elevat- 
ing the yield and ultimate values of the internal pres- 
sure for vessels with a shell length of four times their 
diameter. 

An examination of thick shells just before rupture 
(Vessel 4) revealed many longitudinal cracks at the 
outside surface (Fig. 13). After failure, however, in- 
spection of the internal surface failed to disclose any 
such cracks which might have closed under zero pres- 
sure. It seems likely that cracks in thick-walled pres- 
sure vessels start from the outside. 

Fractures for thick vessels were brittle in nature with 
the tendency to shatter into fragments at maximum 
internal pressure. The behavior of thin vessels dif- 
fered in that fractures started out as shear failures at 
about 45 deg and then ramified as brittle cracks. In 
all cases, at rupture, thin-walled vessels remained in 
one piece (Fig. 12). 


For all vessels the causes for failures could be attrib- 
uted to: 


(a) Weakness in the material itself due to impuri- 
ties or laminations. 

(b) Surface defects such as punch marks or other 

indentations which may have been located Fig. 12. Vessel 5 ruptured 
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Fig. 13° Enlarged view of longitudinal cracks on external surface of vessel 4 


in either internal or external walls (Fig. 12). 
(c) Stress concentration. 


The models fabricated with flat heads (Fig. 5) be- 
haved satisfactorily for static tests but proved inade- 
quate for fatigue tests as failure invariably took place 
at the highly stressed root of head to shell circumferen- 
tial weld. The flat heads were replaced later by semi- 
elliptical heads. 


CONCLUSIONS 


In spite of the limited number of vessels that could 
be tested under this program and the various sizes and 
materials chosen for economic reasons, the following 
results have been obtained: 


Thick-walled vessels 

(a) The deformation at fracture is not as ob- 
vious as that seen in thin-walled vessels 
fabricated from the same ductile material. 

(b) The fractures are brittle in nature. 

(c) Somewhere between the yield point and the 
ultimate value of internal pressure, the 
outside surface of the vessel develops 
longitudinal cracks. Since no such cracks 
were found in the interior surface it is 
conceivable that fractures may originate 
at the external surface. This should be 
verified by further experimentation. In 
industry, thick solid walled vessels should 
be examined periodically for external sur- 
face irregularities and put out of service 
if cracks are detected. (In view of the 
development of cracks in the external 
surface of such vessels, it can be said that 
multilayer vessels are safer and give 
better performance since each thin layer, 
to some extent, acts independently of 
one another and does not form cracks.) 

(d) Theoretical stresses agree with actual values 

for the external surface only. For the 
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yield point condition the internal tan- 
gential stress is much higher than the 
yield point stress of the material; the 
external tangential stress is smaller than 
the vield point stress. 

) The shear stress at the internal surface ap- 
proaches the magnitude of the longi- 
tudinal stress as the wall thickness in- 


creases. 


( 


(f) The Lamé formula predicts both vield and 
ultimate pressures with sufficient accuracy 
for ductile materials. 

(g) At the yield point both the longitudinal and 
circumferential strains increase sharply. 


2. Thin-walled vessels 

(a) Vessels fabricated from ductile materials 
show large deformation before rupture 
occurs. 

(b) Fractures show shear failures with large 
reduction in thickness. 

(c) Such vessels do not shatter except in sub- 
zero temperatures. 

(7d) As in thick-walled vessels, both the tan- 
gential and longitudinal strains increase 
sharply at the yield point. 

(e) The stress difference measured between in- 
ternal and external surfaces is so small 
that it can be neglected. 

Some explanation about the above findings may be 
given as follows: 

The material in a pressure vessel wall does not be- 
have in the same manner as in a simple tensile test 
specimen with lateral reduction in area (Poisson’s 
Ratio). At some critical point in the wall of the vessel 
under pressure the material cannot flow under the 
strains imposed and consequently fracture takes place 
in a brittle fashion. The wall of a pressure vessel is 
subjected to three unbalanced stresses: 


1. The tangential tensile stress indicating a maxi- 
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mum at the inner surface and a minimum at the 
external surface. 

2. The longitudinal tensile stress which may be 
assumed constant throughout the cross section 
of the wall. 

3. The radial compressive stress which equals the 
internal pressure at the internal surface and is 
zero at the external surface. 


These observations point to the radial stress as play- 
ing a major part in the behavior of pressure vessels as 
the wall thickness increases. It is this stress which 
seems to be responsible for brittle fractures in thick- 
walled vessels. 

Regardless of shell thickness all vessels showed that 
both the internal and external surfaces yielded at the 
same time even though the internal tangential stress 
was much greater than the external tangential stress 
when this occurred. The material on the inside reached 
the quasi-plastic state before the material on the ex- 
ternal surface but cannot flow until the entire cross sec- 
tion has reached the plastic limit. Upon reaching this 
point general yielding takes place. 

The stiffening effect of heads on the straight shell 
of a vessel is appreciable. Thick flat heads welded on 
short vessels increase the rigidity of the shell. It is 
estimated that the length of the shell should be at 
least five or six times the diameter where the D/t ratio 
is below 16, an arbitrary chosen dividing line between 
thick- and thin-walled vessels. 

The experimental curves plotted for comparison with 
theoretical values (Fig. 9) may be expressed in the form 
of simple approximate equations. 

1. For the yield point condition, Curve 2, where the 
internal pressure at yield divided by the yield point 
stress of the material taken from a test bar specimen is 
plotted against the ratio R = b/a, 


P = S(R’/* — 1) 


2. For the ultimate strength condition, Curve 3, 
where the internal pressure at rupture is divided by the 
ultimate strength of the material taken from a test bar 
specimen is plotted against the ratio R = b/a, 


P = S(1.1R*/s — 1) 


To this experimental curve we can apply a second equa- 
tion as follows, 


P=SnR 


where In is the natural logarithm to the base e and P, S 
and R are as given above. 
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Stresses for Pressure Vessels and Boilers 


to 650" 


§ Calculation and rupture theory for boilers and pressure vessels 
at temperatures up to 650° F and subject to internal pressure 


by W. P. Kerkhof 


1. INTRODUCTION 


HE differences of opinion regarding allowable 
stresses and weld efficiencies for boilers and pressure 
vessels are very great. In the United States the 
allowable stress is one-quarter of the ultimate 
tensile strength, combined with a weld efficiency of 95, 
90 and 80%, respectively, dependent on whether radio- 
graphic examination and/or stress relieving is to be 
varried out or not. In Great Britain the same stress is 
permitted, while the weld factor depends on a special 
classification. The first-class vessel, stress relieved 
and radiographed, has a maximum weld efficiency of 
95%, the third-class vessel, nonradiographed and 
nonstress relieved, with very limited inspection, has a 
weld efficiency of about 60%. In Sweden an allowable 
stress of two-thirds of the yield point is tabulated, with 
weld efficiencies varying from 60°% up to 90°. In 
the Netherlands the same stress is permitted with a 
weld factor of 100°%, provided the calculated extra 
stress as a result of out-of-roundness of the cylinder is 
within certain limits. In this code the total stress, 
being the resultant of the membrane stress and the 
superimposed stress due to out-of-roundness, has a 
maximum allowable value, dependent on the yield 
point. If the stress due to out-of-roundness is large, 
the membrane stress must be correspondingly the same 
amount smaller, as the sum of both remains the same. 
The result of all these different points of view is that 
the allowable stresses in pressure vessels vary from 
about 27% of the yield point up to 66°%. It seems 
reasonable to look again into the matter, to establish 
which allowable stress and which weld factor can be 
used. 
To avoid making this analysis too complicated, only 
service temperatures up to about 650° F are considered. 
The behavior of creep is thus not taken into account. 


W. P. Kerkhof is with the Royal Dutch/Shell Group, The Hague, The 
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2. ASSUMPTIONS 


It is assumed that rupture occurs as a result of too 
high a stress or a combination of high stresses in two or 
three mutually perpendicular directions, or as a result 
of too high a strain. The true stresses occurring in a 
vessel are the sum of the so-called membrane stresses, 
the superimposed stress concentrations and the residual 
stress. It is a known fact that the magnitude of the 
residual stress has to be taken into account in the case of 
brittle rupture at subatmospheric temperatures and in 
the case of fatigue. It seems to be logical to assume 
that the residual stress is also important in the case of 
rupture of a pressure vessel at atmospheric and higher 
temperatures under static or semistatic loading. The 
expression ‘‘semistatic loading’’ is used here because an 
absolute static load does not occur in practice. Very 
small stress fluctuations will always be present due to 
what is called, in the Netherlands, “breathing” of the 
vessel. 

Furthermore it is a fact that when rupture occurs in 
a pressure vessel during service, the appearance of the 
break is always brittle. A shear fracture has never 
been found. The following theory of rupture has been 
largely based on this phenomenon. 


3. SIMPLIFICATIONS 


To avoid complicating the analysis it is assumed that 
the material follows Hooke’s law up to the yield point 
and that the amount of yielding which occurs is so small 
that no strain hardening takes place. In this case the 
stress-strain diagram has the form shown in Fig. 1. 
This assumption is not true for austenitic steels and 
nonferrous metals. For such materials another more 
complicated calculation has to be carried out, which 
can be done according to the same principle. 

A second simplification has been made, assuming 
that the yield point of the weld is the same as that of 
the base metal. If necessary, the higher yield point 
of the weld can be taken into account but for a first 
attempt to show what happens in a pressure vessel wall, 
this complication seems unnecessary. 


Kerkhof—Pressure Vessels 239-s 


| 4 

3 


< 


ELD POINT 


| 


sTRESS —> 


STRAIN 
Fig. 1 Simplified stress-strain curve 


The third simplification is the assumption that if the 
state of stress is diaxial, yielding occurs when the 
maximum stress reaches the yield point of the tensile 
test. It is known that this is not quite true, but the 
difference as compared with the true behavior is small 
and, if necessary, this method of calculation can also be 


refined. 
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However, since on the following pages the calcula- 
tions are only used to compare various requirements in 
the codes, a more accurate analysis is not necessary. 
For comparison only the above simplifications can be 
fully accepted. 


4. STRESS CONCENTRATIONS 


It is mentioned that stress concentrations have to be 
taken into account. Under the heading of stress con- 
centrations are considered all stresses nonuniformly 
distributed over the plate thickness, and which have to 
be superimposed on the membrane stresses, except 
residual stresses. These stress concentrations can be 
subdivided into two groups: 

(a) Stress concentrations caused by bending, act- 
ing in, at most, two mutually perpendicular direc- 
tions: According to the simplification accepted above, 
these stresses cause yielding when the highest value of 
the stress reaches the yield point of the material in 
uniaxial tension. The magnitude of these stress con- 
centrations is a function of the membrane stress or of 
the internal pressure of the vessel. 
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Fig. 2. The influence of the yield point on the stress 
distribution 
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The stresses are limited by the yield point of the 
metal. When the vessel wall yields over the whole 
thickness the stress concentration has vanished totally. 
Figure 2 shows such a stress concentration combined 
with a membrane stress, Fig. 2(a) in the elastic state, 
Fig. 2(b) when yielding occurs partially and Fig. 2(c) 
when yielding occurs over the whole thickness of the 
wall. 

The magnitude of these stress concentrations varies 
always to a great extent along at least two mutually 
perpendicular directions. 

Stresses due to out-of-roundness of the cylinder and 
extra bending stresses in domed ends belong to this 
type, provided the wall is not too thick. In thick- 
walled vessels the state of stress is triaxial. This 
entails that the above-mentioned simplification, that 
yielding occurs when the maximum stress is equal to 
the vield point, does not even approximately hold. 
Furthermore, when yielding occurs in thick walls, 
over the whole wall thickness, the stress is not uni- 
formly distributed. The simplified stress diagrams 
shown in Figs. 1 and 2(c) cannot be used in this case. 

(b) Stress concentrations having a parabolic char- 
acter acting mostly in three mutually perpendicular 
directions: Such stresses occur near abrupt changes of 
shape, for instance near branch connections, manholes, 
supports and in fillet welds. The highest triaxiality 
occurs just below the surface of the material. As the 
three principal stresses are mostly tensile stresses, 
yielding occurs often at a much higher stress than the 
yield point in uniaxial tension. In this case it is quite 
possible that very high elastic stresses occur far above 
the yield point. As long as the stresses are fully elas- 
tic, the magnitude is a function of both the internal 
pressure and the shape of the detail. 

When yielding occurs, however, the stress pattern 
alters from what it was in the elastic state, the distribu- 
tion of the stresses, however, remaining nonuniform. 
If in this case the internal pressure is relatively low, 
yielding occurs over a small part of the material; if 
the internal pressure is relatively high, a greater amount 
of material yields. The magnitude of the maximum 
stress, however, remains about the same in both cases. 
When yielding occurs, the maximum stress is thus only 
dependent on the shape of the detail and nearly inde- 
pendent of the internal pressure. 

An extreme example is formed by the stresses near a 
crack. Such stresses always reach a magnitude of 2.5 
to 3 times the yield point, even if the load is very low. 

Figure 3 shows the result of the calculation of the 
stresses around a crack having a width of one-third of 
the plate thickness ¢. The allowable membrane stress 
in the plate without cracks is assumed to be two-thirds 
of the yield point (?/;Y). The stress near the crack is 
2.57Y. The plastic zone is very small (0.0585). If 
an allowable stress of 0.3Y were taken into account, 
the stress pattern should be the same. In this case 
the width of the plastic zone should be 0.022.t 

It is quite possible that the internal stresses due to 
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Fig. 3 Stresses near a crack 


welding near such details are also triaxial. As a result 
of the triaxiality it may be very difficult, if not im- 
possible, to relieve these stresses by heat treatment or 
other methods. 

The stresses mentioned under b can only be very high 
as a result of bad design, bad manufacture and/or 
bad inspection (cracks). If the high stresses exist, 
however, they are nearly independent of the internal 
pressure, or of the magnitude of the theoretical allow- 
able membrane stress. 

Assuming initially that design and manufacture are 
satisfactory, only stress concentrations mentioned under 
(a) have to be considered. 


5. RESIDUAL STRESSES 

When residual stresses in a nonstress-relieved weld 
are calculated or measured in a direction either parallel 
or perpendicular to the weld, at some places values up 
to the yield point are always found. Such a high stress 
value has to be taken into account in the following 
analysis. 

Recent measurements on nonwelded plates have 
shown that due to rolling and especially due to a non- 
uniform cooling down after rolling, residual stresses up 
to the yield point also occur. The high residual stress 
is thus not only caused by the welding but always exists 
in the plate, provided no stress relieving has been 
carried out. 

Welded vessels are often stress relieved at 1200° F. 
After this stress relieving the residual stress cannot be 
much lower than the vield point at 1200° F. It has 
been proved by measurements that after stress relieving 
a small residual stress always remains, also because of 


the fact that a uniform cooling down is impossible. 
This is the reason why in normalized plates a small 
residual stress also occurs. If a normalized plate is 
bent cold to a cylinder, or flattened, it is obvious that 
again a residual stress up to the yield point has to be 
taken into account. The fact that the high residual 
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stress also occurs in the nonwelded plate, makes a 
comparison between riveted and welded vessels possible. 
Many years of practice have shown that stress relieving 
of riveted boilers is not necessary. As the above con- 
siderations show, it is very doubtful whether stress 
relieving has to be carried out for welded vessels. 

The sum of all the residual stresses distributed over 
a cross section of the plate or structure must always be 
zero. This implies that tensile stresses have always to 
be kept in equilibrium by compressive stresses at other 
points. This is very important, as will be proved in the 
following paragraph. 


6. THE INFLUENCE OF EXTERNAL LOAD ON 
RESIDUAL STRESSES 


To simplify the following analysis it is assumed that 
for relatively thin plates the residual stresses vary only 
in the plane of the plate, but remain constant over the 
plate thickness. This is of course not quite true, but it 
does not alter the total result of the following considera- 
tions very much. 

Figure 4(a) shows an arbitrary curve of residual 
stresses along a weld or other section of the base ma- 
terial. In accordance with the law of equilibrium the 
area above the zero line must be equal to the one below 
the zero line. On the planes ab and ed the yield point Y 
has been reached. 

Suppose this plate is now loaded by a uniform stress 
“a” smaller than the yield point of the material, shown 
in Fig. 4(b). This stress has to be superimposed on the 
original residual stress, giving a total stress as shown in 
Fig. 4(c) with a dotted line. It is, however, impossible 
that the stresses along the lines ab and cd are above the 
yield point and the only possibility is that the new stress 
follows the solid line a’b’c’d’. In accordance with the 
law of equilibrium again the area above the lines a’b’ 
and c’d’ must be equal to the hatched area below. _ It is 
true that further yielding occurs locally along the lines 
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Fig. 4 The influence of stresses due to an external load 
on the residual stresses 


a'b’ and c’d’. Between b’ and c’, however, the stresses 
are fully elastic. This is the reason why the local 
yielding causes a deformation only slightly larger than 
that in the elastic state of stress. The accepted simpli- 
fication that the deformation above the yield point is 
always small so that strain hardening can be neglected is 
herewith justified. 


During the relief of the external load the material 
behaves completely elastically, this having been proved 
by many tests. After relieving, the stress shown with a 
dot-dash line remains. It is obvious that the original 
maximum residual stress (equal to the yield point) has 
decreased to an ultimate value o, = Y — o, wherein Y 
is the yield point and o the stress due to the external 
load. Consider now a single spot of the plate or the 
weld where the original residual stress is equal to the 
yield point of the material. The plate is now loaded 
with a uniformly distributed membrane stress and a 
superimposed stress concentration of the bending 
type as described in Section 4 (a). This total stress 
is a function of the membrane stress o, and can be 
written as Co», wherein C is the stress concentration 
factor. The stress distribution over the plate thick- 
ness, supposing that Hooke’s law is followed, is shown 
in Fig. 5(a). On the left the stress is Com, in the heart 
of the plate ¢,, while the stress on the right is (2 — 
C)om. These stresses have to be superimposed on the 
residual stresses. As locally the plate is loaded to the 
yield point by these residual stresses, no further in- 
crease of stresses is possible at these spots. If now the 
internal pressure is relieved, the stresses shown on Fig. 
5(a) have to be subtracted from the existing stress, 
being the yield point. The remaining residual stress 
is Y — Co,, at the left side of the plate, Y — o,, in the 
heart of the plate and Y — (2 — C)a,, at the right side 
of the plate. See Fig. 5(b). 

These ultimate residual stresses have to be taken into 
account. 


WELDING RESEARCH SUPPLEMENT 


a b dq 
4 
= 
— 
Ax 
: 
2 
ex 
{1 
4 


Fig. 5 Theoretical stress distribution over the plate thickness and ultimate residual stresses 


It does not matter at all whether the maximum 
stress Com is above the yield point or not. During 
stress relieving the material behaves elastically as long 
as Y — Co, = — Y. In this case the ultimate residual 
stress never reaches the yield point in compression. 
Should the yield point in compression have been 
reached, the stress during loading and unloading would 
vary from the positive to the negative yield point, 
which is known to provoke a rupture after few cycles. 

From the above equation it follows that C < 2Y/am. 
It will be shown on the following pages that the factor C 
must be smaller for other purposes. The yield point in 
compression is thus never reached; the total strain of 
the material is limited in such a way that no rupture is 
to be expected. 


7. THE INFLUENCE OF THE HYDROSTATIC 
TEST PRESSURE FOLLOWED BY RELOADING 
AGAIN TO THE WORKING PRESSURE AT 
ATMOSPHERIC TEMPERATURE 


The membrane stress due to the hydrostatic test 
pressure must be below the yield point. Otherwise 
unpermissible deformation occurs during the test. 
According to the previous considerations the largest 
ultimate residual stress after hydrostatic testing is 

Y — (2 — C) a,, wherein oc, is the membrane 
stress during the test. When loading the vessel to the 
membrane working stress o», the total maximum stress 
is (see Fig. 6 on the right) : 


Stot = Or + (2 C) om 


Sto = (o — om) C) 


The total stress is smaller than the yield point if 
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o,>¢n,and2>C. It follows, therefore, that the test 
pressure should always be higher than the working 
pressure, while on the other hand the stress concentra- 
tion factor should be smaller than 2. 

The fact that the factor C should not be greater than 
2 can be proved as follows. 

If C is greater than 2 the vessel will yield again locally 
at a pressure smaller than the working pressure. As 
soon as the yield point is reached the bending moment 
cannot further increase. During further increase of 
the pressure the following occurs. 

It was already mentioned that the bending stress 
varies to a great extent along the wall surface. The 
yield point is thus only reached very locally, other spots 


TOTAL STRESS 


——— RESIDUAL STRESS 
AFTER TEST 


Fig.6 Total stresses if residual stress is equal to the yield 
point 
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in the surroundings remaining fully elastic. As soon 
as the yield point is reached a small deformation occurs. 
This deformation, however, must also be very local and 
therefore can never be large, as large deformation is 
prevented by the fully elastic surroundings. During a 
further increase of pressure the greater part of the re- 
sultant bending moment is taken up by the surround- 
ings, only a very small part being relaxed by the local 
deformation. The extra stress in the surroundings 
therefore increases more than proportionally to the in- 
ternal pressure. During the relief of the pressure there 
is a certain instant when the total bending stresses can 
again be taken up by the formerly highly loaded spot. 
When loading again takes place the factor C is very 
slightly smaller than originally, due to the small de- 
formation. It is, however, quite possible that every 
time the vessel is reloaded in service, a small local de- 
formation occurs until the sum of all deformations to- 
gether has become so large that the surroundings need 
no longer take any extra stress. 

Fatigue test pieces subject to such high fluctuating 
loads have shown that, due to the fact that every time 
the maximum stress occurs, a small deformation is 
caused; rupture occurs after a very short number of 
stress variations. To be thus absolutely sure that the 
local deformation occurs only once during the hydro- 
static test, the stress concentration factor should be 
limited to the value “2.” In this case it is absolutely 
certain that no rupture will occur as a result of too high 
a strain during the starting-up periods. 

A small local strain resulting in a small relaxation 
of the stress concentration factor also occurs when the 
vessel is loaded for the first time to the hydrostatic 
test pressure. Due to this strain the new stress con- 
centration factor, when loading again to the working 
pressure, is always slightly smaller than used in the 
calculation. The total stress thus remains always be- 
low the yield point if C is limited to “2”. 

The fact that the above formula gives a somewhat 
higher stress than that which actually occurs does not 
influence the results shown below, because of the fact 
that the equation is only used for comparison of dif- 
ferent calculation methods. In this case all the cal- 
culated stresses are slightly on the high side. 


8. COMPARISON OF VARIOUS METHODS OF 
CALCULATION AND CONCLUSIONS FOR VES- 
SELS NONSTRESS RELIEVED BY HEAT 
TREATMENT AT ATMOSPHERIC WORKING 
TEMPERATURE 


According to the American and the British codes a 


minimum safety factor of 4 to the tensile strength is 
permitted. The allowable stress for carbon steel is 
then about 0.45 Y. In the U. S. a weld efficiency of 
90°; is required for a radiographed nonstress-relieved 
weld and 80°% for a nonradiographed, nonstress-re- 
lieved one. In Great Britain a nonradiographed, non- 
stress-relieved weld for a Class III vessel has a weld 
efficiency of maximum about 60°%. The test pressure 
for all these vessels is 1.5 times the working pressure. 
All these requirements are now compared with a non- 
stress-relieved vessel with an allowable stress of 0.66), 
a test pressure of 1.3 times the working pressure and a 
weld factor of 100°%%. The stress concentration factor 
has been taken as 1.2, 1.4 and 1.6 respectively. The 
results are shown in Table 1. 

The table shows that the highest stress occurs in the 
British Class III vessel; the American vessel with a 
weld efficiency of 80°% follows. The difference in total 
stress between the American vessel with a weld effi- 
ciency of 90% and the vessel with a weld efficiency of 
100% but with a 1.63 times higher allowable membrane 
stress is negligible. Compared with the Class III 
vessel a 2.44 times higher membrane stress is permissible 
without increasing the true total stresses occurring. 

It is known that the first three vessels mentioned in 
the table have proved to be completely safe.  Ac- 
cording to the same table there is no reason to believe 
that the last vessel is less safe. The high allowable 
membrane stress has been adopted in the Swedish, 
Italian and German codes on the basis of 15 years of 
experience. A weld efficiency of 100% is to be adopted 
in the new Netherlands Code, with the same allowable 
stresses. 

From these considerations the following conclusions 
can be drawn: 

(a) An allowable membrane stress of two-thirds of 
the yield point is permissible. 

(b) A weld efficiency of 1007 is permissible. 

(c) The use of other weld efficiencies lower than 
100°; is pointless; the total stress is almost completely 
independent of the magnitude of the weld efficiency. 

Further equally important conclusions are: 

(d) As all the vessels shown in Table 1 have worked 
safely for many years, all loaded to about the same 
stress, the high calculated tot~! stress can never be the 
criterion for rupture. This stress must be safe. 
Rupture, therefore, can only occur as a result of stress 
concentrations mentioned in Section 4 (b). These 
stress concentrations have not been taken into account 
up to now. 


Table 1—Total Stress in Various Nonstress-Relieved Vessels at Room Temperature 


Tabulated allowable membrane stress 0.450 
Weld efficiency 90 

Allowable membrane stress in weld 0.405) 
Stress during hydrostatic test 0.608) 
Total stress for C = 1.2 0.838Y 
Total stress for C = 1.4 0.878Y 
Total stress for C = 1.6 0.919Y 


0.450 0.450 0.660) 
80 60 100 

0.360Y 0.270) 0.660) 
0.540Y 0.405 0.858) 
0.856Y 0.892) 0.842) 
0.892 0.919Y 0.882) 
0.928Y 0.946Y 0.921) 
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(e) In Section 7 it was proved that a stress concen- 
tration factor of 2 should do no harm during the start- 
ing-up periods. Comparison with existing practice 
shows that this value cannot be dangerous during serv- 
ice, either. Flat end plates, stayed flat walls, flanges, 
ete., are subject to pure bending. At some spots in 
such plates the original residual stress will also reach 
the vield point. If for these parts similar considera- 
tions are carried out as done for parts loaded by a 
membrane stress with superimposed bending stress, 
it will be found that no stress relaxation as a result of 
hydrostatic testing is possible, as will be shown in 
Section 11. This entails that these spots are always 
loaded to the yield point. As these flat plates, how- 
ever, do not rupture during service it follows that 
stresses up to the yield point are permissible, i. e., 
that C may be equal to 2. From these considerations 
the conclusion can be drawn that the permissible stress 
concentrations are proportional and at most equal to 
the permissible membrane stresses, that is to say that C 
is limited to the maximum value “2” independent of 
the magnitude of the allowable membrane stress. 
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Fig. 7 Total stress if residual stress is zero 


All the above conclusions are based on the fact that 
at some points in the plate or the weld the residual 
stress is equal to the yield point in tension. There are 
also other places where the residual stress is negligible 
or equal to the yield point in compression. Figures 7 
and 8 show the total stresses in both cases, for a mem- 
brane stress of 0.66Y,C = 2 and a test pressure of 1.3 
times the working pressure. Here, too, the stresses 
never exceed the yield point, either in tension or in 
compression. 


9. THE CALCULATION OF DOMED ENDS 


The stress concentrations so far under consideration 
occur also in domed ends, conical ends, ete. In some 
codes only the membrane stresses are taken into ac- 
count, the bending stresses being neglected or kept be- 
low certain values by limiting the knuckle radius. 
Other codes take the total stress into account, but de- 
crease the safety factor to the tensile strength from four 
to three; others decrease the safety factor to the yield 
point from 1.5 to 1.1. Previous considerations have 
shown that all these methods are more or less arbitrary. 

In accordance with the above considerations it is 
possible to adopt the recommended high membrane 
stress, 66° of the yield point, and to limit the super- 
imposed bending stresses to the same value. Follow- 
ing this method the minimum height of the dome or the 
minimum knuckle radius can be calculated. 


10. THE INFLUENCE OF OUT-OF-ROUND- 
NESS, MISALIGNMENT, ETC. 


In nearly all codes the permissible out-of-roundness 
is a function of the diameter of the vessel. The stresses 
due to out-of-roundness, however, among others are a 
function of a/t, wherein a is the out-of-roundness and t 
the plate thickness. Following the tolerances for out- 
of-roundness given in the codes mentioned it is possible 
that for very thin-walled vessels the value a/t is large, 
resulting in an intolerably high stress due to out-of- 
roundness. 

The high allowable stresses mentioned according to 
the new Netherlands with a weld 


code, combined 


|-—— STRESS DUE TO 
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_}——— TOTAL STRESS DUE TO 
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Fig. 8 Total stress if residual stress is equal to yield 
point in compression 
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efficiency of 100°%, may only be adhered to provided 
the stresses due to out-of-roundness are kept within 
certain limits. The procedure followed in this code 
can be described as follows. 

The total theoretically allowable stress is 90% of 
the yield point. This stress, however, has to be re- 
duced, for nonstress relieving. The total stress now 
permitted in the vessel, being the sum of the membrane 
stress and the stress due to out-of-roundness, shall not 
exceed the above-mentioned reduced stress. This 
method is illustrated in the following example. To 
make a comparison possible with the stresses shown in 
Table 1, the original Netherlands data are modified 
slightly. This, however, does not alter the principle. 

For the example it is assumed that the allowable 
reduced stress, being 90°) of the yield point minus 
0.108Y for nonstress relieving, is 0.792Y. This stress 
is thus equal to Co,,. The permissible membrane 
stress is now 0.792Y/C, resulting in 0.660Y, 0.566Y 
and 0.496Y for a stress concentration factor C = 1.2, 
1.4 and 1.6 respectively. The test pressure is kept at 
1.3 times the working pressure. The result is shown in 
Table 2. 


Table 2—Influence of Out-of-Roundness 


Stress concentration factor 1.2 1.4 1.6 
Allowable stress 0.660Y 0.566Y 0.496Y 
Stress during hydrostatic 

test O.858Y 0.737Y 0.648Y 
Total stress 0.842Y O.898¥ 0.940Y 


Compared with the last column of Table 1 it is 
evident that the total stresses have increased slightly. 
However, if the stress concentration factor due to out- 
of-roundness is greater than 1.2 the permissible mem- 
brane stresses are smaller and the wall thickness 
greater, compared with those in Table 1. The total 
stress, however, remains about the same. 

It thus seems that the influence of the out-of-round- 
ness is overestimated in the Netherlands code. 

The following method of taking into account of out- 
of-roundness seems logical. First, the influence of 
stress concentrations due to the permissible misalign- 
ment has to be investigated, either by calculation or by 
stress measurements; say this stress concentration is 
found to be C;, being a factor between zero and one. 

The total permissible stress concentration factor is 
2. For out-of-roundness there remains now only a 
factor 2 — C;. With the aid of this factor the per- 
missible out-of-roundness can be calculated, it being a 
function of a/t and of the internal pressure. In nearly 
all cases, except for very thin-walled vessels, the thus 
calculated permissible out-of-roundness will be much 
greater than that permitted for practical reasons. A 
normal practical value for limiting the out-of-roundness, 
accepted in nearly all codes, except the Netherlands 
one, is that the difference between the largest and 
smallest diameter, measured in one cross section, shall 
not exceed 1% of the diameter. Only in those cases 
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where the out-of-roundness calculated with a stress 
concentration factor 2 — C, is smaller than the practical 
value mentioned is a smaller tolerance on ovalness re- 
quired. 


ll. THE CALCULATION OF FLAT-END 
PLATES 


Years ago very thin flat-end plates were designed 
without any calculation or with the aid of a very simple 
calculation. In the last few years better calculation 
methods have begn developed, with the result that flat 
end plates are much thicker than those used before. 
Nevertheless, the thinner plates have been found good 
and safe in practice and, assuming the up-to-date cal- 
culation to be sound, there must be something wrong 
with the allowable stresses. 

In flat-end plates no membrane stress exists. The 
stresses occurring are of the pure bending type. For 
the membrane stress an allowable value of 66°) of the 
yield point is permissible. Supposing 100°) of the 
yield point had been allowed, the vessel wall should 
always yield over the whole thickness. The allowable 
stress is thus 66% of that which causes yielding over 
the whole wall thickness. When pure bending stresses 
occur the plate yields over the whole thickness if the 
diagram has the shape shown in Fig. 9. The moment 
per unit of plate length is now M, = Y(t?/4), wherein Y 
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Fig.9 Bending stresses when the plate is 
totally above the yield point 
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is the yield point. If now, just in the same manner as 
was done with the membrane stress, the allowable 
bending moment is taken as M = ?/; M,, the following 
relation is found 


The value ¢?/6 is equal to the section modulus of the 
plate in the elastic state. From this it follows that the 
allowable stress in flat-end plates and other plates sub- 
ject to pure bending is equal to the yield point of the 
material. Now the same method has been followed for 
bending stresses and membrane stresses. 

It is interesting to investigate what happens when 
residual stresses exist in the plate. If the original 
residual stress is equal to the yield point, in compression 
or in tension, the total stress always remains equal to 
the yield point. When a plate having local spots where 
yielding due to original residual stress occurs is loaded 
by superimposed bending moments, the extra stress 
due to bending cannot be taken up by these spots, but 
other points in the surroundings take the load and are 
stressed more severely as a result. This is true, inde- 
pendent of the magnitude of the bending stress. It is 
thus understandable that the third-class vessels, sub- 
ject to very low bending stresses, are also always 
loaded to the yield point at certain spots of the plate. 
This is the reason why in Section 8 the conclusion was 
accepted that stresses up to the yield point are per- 
missible and cannot do any harm. Figure 10 shows the 
total stress after hydrostatically testing and reloading 
to the working pressure in the case where no original 
residual stress exists. Figure 11 shows the same 
where the original residual stress is equal to 60°% of the 
yield point. In all these cases the total stress remains 
below the yield point. 

The above considerations prove that the recom- 
mended stresses are indeed permissible. Lower allow- 
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Fig. 10 Total stresses in plates subject to pure bending 
if the original residual stress is zero 
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Fig. 11 Total stresses in plates subject to pure bending 
if the original residual stress is 60% of the yield point 


able bending stresses result locally in the same total 
stress, this being the yield point. 

It is obvious that by following this method the thick- 
ness of end plates can be reduced, as mentioned already 
at the beginning of this paragraph. 


12. TESTING TO RUPTURE 


Sometimes a vessel is tested to rupture to check the 
adopted factor of safety. When the calculation has 
been carried out with a safety factor of 4 and the vessel 
ruptures at a pressure of four times the working pres- 
sure, everything seems satisfactory. 

During testing to rupture, however, at a certain pres- 
sure the vessel yields totally. In this case such a 
tremendous deformation occurs that the stress concen- 
trations mentioned in Section 4 (a) relax totally. 
During total yielding the vessel is only loaded by the 
membrane stresses calculated. 

In service, however, the vessel is locally always loaded 
to about the yield point, independent of the membrane 
stress used in the calculation. Thus it is obvious that 
neither the rupture test nor the acceptance of a factor 
of safety can be relied upon. Furthermore the rupture 
during the test is nearly always of the shear type, while 
always in practice a brittle rupture occurs. On the 
other hand it is quite possible that although a vessel 
has passed the rupture test satisfactorily, nevertheless a 
similar vessel in practice ruptures after some time of 
service. As the loading to the yield point cannot be 
the reason for rupture (otherwise all nonstress-relieved 
vessels would fail after some time) there must be an- 
other reason for such occurrences. 


13. THEORY OF RUPTURE 


(a) At Subatmospheric Temperatures 
To study the behavior of rupture it is, of course, 
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necessary to examine cases of fracture in practice. At 
subatmospheric temperatures rupture always has its 
origin in faults in the weld (cracks, bad penetration, 
ete.), in the plate (cracks) and sometimes in welded 
details, such as pipe connections, supports, ete. In 
Section 4 (b) it was mentioned that near cracks and 
spots with bad penetration a triaxial state of stress 
occurs, the value of the highest stress being about 2.5 
to 3 times the yield point and independent of the load 
on the vessel (see Fig. 3). In the neighborhood of 
badl, designed or manufactured pipe connections and 
other details, stress concentrations of the same order 
may occur. 

It is generally accepted that steel has a brittle frac- 
ture strength, quite different from the ultimate tensile 
strength where failure is caused by shear stresses. If 
the stress value exceeds this brittle fracture strength, 
rupture starts. This is only possible for relatively low 
temperatures, below the so-called transition tempera- 
ture. 

Rupture need not start directly after the vessel has 
been put into service—very often the vessel behaves 
well in the beginning. After some time, however, 
age hardening has occurred, which is sometimes just 
enough to start a brittle rupture. At subatmospheric 
temperatures only the very high stress concentrations 
due to faults in the weld or in the plate or due to a bad 
design are responsible for the rupture. 


(b) At Temperatures Above the Transition 
Temperature 


As at subatmospheric temperatures rupture can al- 
ways be prevented by selecting an appropriate ductile 
material, this is not always possible in a higher tem- 
perature range. To study the behavior of rupture in 
the latter case, it will be necessary to examine the ex- 
perience and to investigate the circumstances under 
which a fracture has occurred. 

First of all it is a fact that rupture can occur in 
vessels calculated with low theoretical stresses as well 
as in vessels under high theoretical stresses. The 
rupture seems to be independent of the membrane 
stresses occurring. 

Secondly, a rupture during service has always a 
brittle appearance. Riveted vessels sometimes show 
cracks or complete failure after a long period of service. 
The rupture always occurs near rivet holes, stay bolts, 
expanded tubes, ete. Modern stress theories have 
proved that these spots are subject to very high stress 
concentrations of the triaxial type, above the yield 
point, as described in Section 4 (6). An attendant 
circumstance is that mostly, if these failures occur, the 
fabrication is so bad that the medium which the vessel 
contains can penetrate between the riveted plates or 
into gaps near staybolts, etc. It seems, therefore, 
that the content of the vessel, even if not corrosive in 
the common sense of the word, exercises a considerable 
influence. 
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If a rupture occurs in a welded vessel, the origin is a 
crack or other fault in the weld, in the plate or some 
other spot of high triaxial stress concentration as men- 
tioned in Section 4 (b). Here the danger of rupture is 
less than for riveted vessels because of the fact that the 
medium cannot penetrate into a crack, if not situated at 
the surface of the plate. 

The final important point is that, in the beginning of 
the life of a boiler or pressure vessel, the material is 
strong enough to withstand this high triaxial stress. 
The only possibility is that during the life of the vessel 
the mechanical properties gradually decrease. 

In Section 4 (b) it was mentioned that if at certain 
spots a triaxial state of stress occurs and at the same 
time the material yields, the magnitude of the stresses 
is practically only a function of the shape and not de- 
pendent on the internal pressure. This is the reason 
that rupture may also occur in vessels calculated with a 
low allowable membrane stress. An increase in the 
allowable stresses, as proposed above by accepting a 
weld efficiency of 100%, can thus be effected without 
increasing the danger of rupture. 

The other facts mentioned can be explained by con- 
sidering fatigue to be the cause of rupture. The vessel 
is always semistatically loaded, that is to say that al- 
ways small stress variations occur. During loading 
and reloading, a state which occurs several times during 
the life of the vessel, even very high stress variations 
occur. 

It is a known fact that the fatigue strength de- 
creases to a very great extent if the state of stress is 
triaxial. This is not the case with statically loaded 
specimens subject to a triaxial state of stress, which 
are mostly stronger than specimens under uni- or di- 
axial tension. 

If fatigue tests are carried out with wetted test bars, 
the life of the specimen is much shorter compared with 
that of dry test pieces. Herewith the influence of the 
medium is confirmed. 

A rupture as a result of fatigue has a brittle appear- 
ance, whereas a rupture as a result of too high a static 
load is nearly always a shear fracture. 

It seems logical to assume that rupture only occurs 
due to fatigue at spots where the stresses are triaxial. 
Probably the other parts, where the state of stress is 
diaxial, can withstand the stress variations mentioned. 

As the rupture is connected with a gradual decrease 
in mechanical properties under the influence of very 
high stress concentrations, it is obvious that a test to 
rupture, to check the safety factor, is of no use at all. 

It is even doubtful whether the ultimate tensile 
strength of the material has any importance, except for 
checking its quality. 


14. STRESS-RELIEVING 


Up to now only nonstress-relieved vessels, which 
always have spots where the residual stress is locally 
equal to the yield point, have been considered. Due to 
stress relieving the residual stresses decrease. It 
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seems clear that the residual stress after heat treatment 
at 1200° F cannot be much lower than the yield point 
at that temperature. Data collected in the U.S. A. 
for carbon steel show that the ratio of the yield point at 
1200° F to that at atmospheric temperature varied 
from 0.16 to 0.34. The residual stress is thus at least 
0.16Y. Due to nonuniform cooling, however, the re- 
sidual stress can be much higher. 

When the sum of the residual stress after stress 
relieving and the hydrostatic proof membrane stress is 
equal to, or above, the yield point at room temperature, 
the total stresses remain the same as in the nonstress- 
relieved vessel. This is the case with the recom- 
mended hydrostatic test pressure, causing stresses of 
O0.858Y. 
for instance, one quarter of the tensile strength com- 
bined with the maximum weld efficiency of 95°) or 
other lower values, the total stresses are lower. 

The various calculated stress curves are shown in 
Fig. 12. 


In other cases when the allowable stress is, 
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Fig. 12 Total stresses in stress-relieved vessels 


From this consideration it follows that if the allow- 
able stress is not too high, a stress-relieved vessel is 
possibly subject to a lower stress than a nonstress- 
relieved one, notwithstanding the fact that the weld 
efficiency of the latter is lower (often much lower). 

As, however, the high total stresses occurring in non- 
stress-relieved vessels are fully permissible, the ex- 
pensive heat treatment is not necessary from a mechani- 
cal point of view. 

Stress-relieving will therefore only be carried out if 
necessary for other purposes, for instance: 

(a) To improve the mechanical properties, viz., the 
hardness and notch sensitivity. 
low-alloy steels have to be stress relieved. 


For this reason many 
The notch 
sensitivity of carbon steel can also be improved by 
stress relieving and therefore vessels made of carbon 
steel and subject to low service temperatures should 
also be stress relieved. 

(b) In thick-walled vessels a triaxial state of stress 
occurs. In this case stress relieving such vessels is 
perhaps necessary. 
exists with nonstress-relieved thick-walled vessels. To 


As far as is known no experience 


be on the safe side, stress relieving should therefore be 
required. 
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15. RADIOGRAPHIC EXAMINATION 


The only logical conclusion which can be drawn from 
the theory is that the allowable stress in nonradio- 
graphed and radiographed vessels should be the same, 
the more so as the high stress near cracks (see Fig. 3), 
which can be avoided by radiographic examination, is 
not dependent on the magnitude of the membrane 
stresses occurring. 

If a weld is difficult to make without cracks or other 
faults developing, radiographing is required. For this 
reason thick vessels should be radiographed. For thin- 
walled vessels spot radiographing will be perhaps suffi- 
cient to examine the welding procedure or the welders. 

As cracks may be very dangerous in vessels for low- 
temperature service, these apparatuses should also be 
radiographed. 

Only in the case where the duty of the vessel is not 
severe, so that no explosion occurs as a result of rupture, 
radiographing may be omitted. 


16. VESSELS FOR HIGHER SERVICE 
TEMPERATURE UP TO 650° F 


At increasing temperature, the yield point decreases. 
Therefore, at higher temperatures the allowable mem- 
brane stress should be two-thirds of the yield point at 
the service temperature of the vessel. The test pres- 
sure remains 1.3 times such working pressure as the 
vessel can withstand at atmospheric temperature, 
‘ausing a stress 0.858Y, because according to the for- 
mula the test pressure should be as high as possible. 

According to the American and British codes, the 
allowable stress remains constant up to 650° F. The 
total stress relative to the hot yield point, however, in- 
creases because of the fact that the yield point decreases. 
At 650° F the hot yield point is about 68% of the yield 
point at atmospheric temperature. If the stresses are 
expressed in terms of the hot yield paint, the stresses at 
atmospheric temperature have to be divided by 0.68. 
Table 3 gives the new stresses at 650° F, relative to the 
hot yield point Y,,, for nonstress-relieved vessels. 

From Table 3 it follows that the lowest total stress 
occurs in the vessel with the highest allowable stress. 

Nearly all the stresses are theoretically above the 
yield point. This is, of course, impossible in practice. 
Up to the temperature at which a real yield point exists, 
which is about 570° F, the material yields during the 
heating-up period, so that in reality the total stress is 
equal to the yield point, independent of the membrane 
stress allowed. This again is a proof that a stress 
equal to the yield point cannot be dangerous, because it 
always occurs. 

Above about 570° F no real yield point exists; that 
is to say, instead of a horizontal part in the stress-strain 
curve only a kink is shown. In this case the simple 
theory no longer holds good, as mentioned before. 

It is, however, a known fact that above about 500° F 
a relaxation of all statically indeterminate stresses takes 
place. The higher the temperature the sooner and the 
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Tabulated allowable membrane stress 
Weld efficiency 90 


Allowable membrane stress in weld 0.405Y 
Stress during hydrostatic test 0.608Y 
Total stress at 650° F for C = 1.20 1.225YA 
Total stress at 650° F for C = 1.40 1.285Yh 
Total stress at 650° F for C = 1.60 1.345YhA 


Table 3—Total Stresses at 650° F in Nonstress-Relieved Vessels 


-According to codes———-—---——+ New proposal 
0.450 0.450 0.660YA = 0.450Y 
60 100 
0.360 0.270Y 0.660YA = 0.450Y 
0.540Y 0.405 0.858Y 
1.254Vh 1.308Yh 0.990Vh 
1.308Yh 1.346Yh 1.150VA 
1.359VA 1. 387Yh 1.235Vh 


more the residual stresses and the bending stresses will 
decrease. At 650° F, for instance, probably a great 
many of the residual stresses and bending stresses have 
relaxed after some time, so that the total stress is not 
much higher than the yield point. The fact, thus, that 
above 570° F no real yield point occurs does not mean 
that no decrease in stress takes place. Stress measure- 
ments have proved that the relaxation mentioned does 
indeed take place. There is thus a good reason to 
assume that the stress always follows the yield point 
curve and at higher temperatures follows approxi- 
mately the 0.2°% strain curve. 

The last column of Table 3 shows that if the proposed 
method of calculation is followed, the total stresses at 
atmospheric temperature are lower than those calcu- 
lated with other methods, shown in the first three 
columns. As a relaxation of the stresses must occur, 
the finalstress at the working temperature is reached with 
less deformation in the vessel which has been calculated 
as proposed. This is important because the deformation 
may occur at a temperature where some materials are 
hot-brittle. The less the deformation is, the less the 
possibility of strain aging and rupture. 


17. GENERAL REMARKS 


The recommended allowable stresses may seem very 
high to more conservative people. Apart from the fact 
that an attempt has been made to prove that the total 
stresses are always about the same, independent of the 
allowable stress used for the calculation, the pro- 
posed allowable stress is totally in agreement with 
common practice. 

An allowable membrane stress of two-thirds of the 
yield point has already been used in some European 
codes for many years. Such stress values are also per- 
mitted for storage tanks, pipes, steel structures and 
bridges. In the last few years there has even been a 
tendency to increase the allowable stresses in steel 
structures to 86° of the yield point. Compared with 
those stresses the proposed allowable stresses seem to 
be low. The high allowable bending stresses to be 
superimposed on the membrane stresses are not higher 
than normally occurring in pressure vessels. 


The allowable pure bending stresses of 100°% of the 
yield point have already been used by the author and 
others for many years for the calculation of flat end 
plates and flanges. Such high stresses have also been 
allowed for many years in flat tank tops for submarines, 
ete. Furthermore, as steel structures are calculated 
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according to the theory of plasticity, in a calculation 
method already used many years before the war with 
great success in the Netherlands by Professor list 
and others, and in the last few years advocated by 
Professor Baker in Great Britain, similar bending 
stresses are permitted. 

The only thing that has been done in this report is to 
try to prove, with a calculation in accordance with the 
above-mentioned theory of plasticity, that these high 
stresses are not only permissible, but also that they do 
not alter the true total stresses occurring. 

The recommended weld efficiency of 100°; has been 
in use for many years in steel structures with total 


success. Here again nothing new has been proposed. 


18. CONCLUSIONS 


The problem of the stresses occurring in boilers and 
pressure vessels has been studied with the aid of both 
the theory of plasticity and the theory of elasticity, 
taking into account the residual stresses in the weld and 
in the nonwelded plate and the stress-relieving effect 
of the hydrostatic test. 

The calculated maximum total stress occurring is 
nearly always equal to the yield point of the material 
and independent of the allowable membrane stress 
and weld efficiency used for the calculation. 

As such a high stress always occurs, it cannot have 
any influence on the rupture of the vessel. Rupture 
can only be due to cracks or other faults in manufac- 
ture and/or design. Such faults result in stress con- 
centrations far above the yield point. In this case the 
state of stress is triaxial. It is known that the material 
only fails as a result of those high stress concentrations. 

As the total stress occurring is not dependent on the 
membrane stress used for calculation, the latter should 
be as high as possible. 

An allowable membrane stress of 66° of the yield 
point is recommended. The permissible superimposed 
bending stress can also be 66°% of the yield point. 
In case pure bending stresses exist, the allowable stress 
can be equal to the yield point. 

The test pressure should load the vessel to a stress 1.3 
times the allowable membrane stress at atmospheric 
temperature. 

The proposed allowable stress and test pressure limit 
the deformation of the material in such a way that no 
rupture can occur due to excessive strain. 

The weld efficiency should always be 100°. 

The use of a factor of safety is not based on sound 
reasoning. 
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Stress relieving is not necessary with a view to 
strength and should only be carried out for improvement 
of the mechanical properties of the material and per- 
haps in the case of very thick shells. 

Radiographing should be carried out when a possible 
rupture would cause an explosion and in all other cases 
where a rupture is dangerous. In some cases, if the 


weldability of the material is low, radiographic examina- 
tion is also required. 

Only good design, excellent manufacture and ade- 
quate inspection can prevent rupture in service. The 
allowable stress is far less important and bad design 
and manufacture can never be compensated by keeping 
the allowable stress low. 


Literature Survey Steels 


» Composition and properties of American and European high-yield-strength 
steels studied by Subcommittee of Pressure Vessel Research Committee 


HE majority of pressure vessels operating in the 

temperature range of —50 to +750° F are fabri- 

cated of carbon steel according to ASME Specifica- 

tions SA-285, SA-201 and SA-212, with or without 
steel impact tests required. The specified minimum 
tensile strengths are in the range 45,000 to 70,000 psi. 
The specified minimum yield points of these steels as- 
rolled are close to one-half of their tensile strengths. 
In many applications, the pressures specified for vessels 
are so high that wall thicknesses of 4 to 6 in., or even 
more, are required with the use of these materials. 
Such heavy wall thicknesses impose too high tempera- 
ture stresses where temperature fluctuations occur and, 
to a degree, are undesirable because of the extra 
weights of steel thereby required. 

The design of pressure vessels under the two Codes 
recognized in the U.S. and Canada is at present based 
on one-fourth of the tensile strength, but practical 
consideration already is being given to the as-normal- 
ized yield strength at (metal) temperature as the basis 
for design, using one-half, or, possibly five-eights, of 
that physical property as the design stress value in the 
employment of high-yield-strength steels. The ad- 
vantages to be gained thereby are illustrated by compar- 
ing the limits on present-day use of a 70,000-psi tensile 
steel made, for example, to ASME Spee. SA-212, 
Grade B, with the potential use of a somewhat stronger 
steel having an as-normalized yield strength of 70,000 
psi. The design stress value for the SA-212, Grade B 
steel is one-fourth of its tensile strength, i.e., 17,500 psi, 
which is a little less than one-half of its specified mini- 
mum yield strength. The use of a 70,000-psi as-nor- 
malized yield-strength steel, on the other hand, might 
be permitted a design stress value of 35,000 psi or more, 
or at least twice that for the SA-212, Grade B steel, as 


Prepared by Subcommittee on Research on High-Strength Steels, Materials 
Division, PVRC; F. Eberle, Chairman, J. Hodge, N. A. Kahn and W 
Spraragen. 
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compared with a design stress of 22,500 psi if design 
were based on one-fourth of the ultimate tensile 
strength. High-yield-strength steels have therefore 
attracted the interest of the designer, fabricator and 
user of pressure vessels in high-pressure service. The 
suitability of such steels as materials for pressure ves- 
sels is being investigated by the Pressure Vessel Re- 
search Committee. It established for this purpose a 
special Subcommittee on Research on High-Strength 
Steels, and the first task assigned to this Subcommittee 
was to prepare a literature survey of high-strength 
steels, which is reproduced in the accompanying tabula- 
tion. 

Since steels with yield strengths of up to 45,000 psi 
have been used in pressure vessels for some time, the 
stipulation is made that, in order to qualify as high- 
strength steel in the sense of the foregoing explanations, 
a steel should possess a minimum yield strength or 
yield point of 50,000 psi. Since plates as light as '/, in. 
may be used in pressure vessel construction, materials 
which exhibit this yield-strength level at thicknesses of 
'/, in. or under have been included in the tabulation 
and, whenever available, the actual thickness range cor- 
responding to the tabulated properties has been listed. 
The properties listed are, for the most part, those of as- 
rolled, normalized or normalized and tempered plates 
since a heat treatment involving quenching into a 
liquid medium may have certain limitations for heavy- 
walled pressure vessels. In a few instances, however, 
quenched and tempered properties are listed, as such 
plates, supplied in the quenched and tempered condi- 
tion, might be used if fabrication does not require hot 
forming and consequently reheat treatment, and if 
stress relieving of the finished vessel is either not 
necessary, or can be accomplished without seriously 
lowering the yield strength. 

In making a survey of the technical literature for 
high-yield-strength steels, weldability had to be con- 
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Composition and Properties 


Composition 


Trade Name or Designation c Mn St Ld Cr Ni Cu Mo v zr Al Ti No 8 
Commercia) Low-Allo 

Plate Steels 

1. Aldecor (2) -15/.80 .35/.75 .08/.15 - - -35/7.65 .16/.28 - - - - - - 


Double-Strength (2) 
NES-70 


Cor-Ten 


Man-Ten 
U.S.S. Tri-Ten 

U.S.S. Tri-Ten E 
U.S.S8. Carilloy T-1(5) 
Mn-Ni-Cu (2) 
(2) 
NAX High Tensile (2) 


Hi-Steel 


N-A-XTRA 75 
N-A-XTRA 100 


N-A-XTRA 


N-A-XTRA 


<.25 
<.12 


208/.15 


<.20 


<.20 


<.30 


<.30 


+20/.50 


1.1/1 


«70/1 


<1.40 
-50/.90 
-50/.75 
-50/.70 


-6 
<1.25 
<1.25 


-50/.90 - 


-50/1.0 


1.1.8 1.0/1.3 .20/.30 


<.30 


<.30 


<.25 
<.15 


-50/.70 . 


-50/.70 . 


.50/.70 .50/,80 


-25/.75 


-10/.30 


-50/.90 
-50/.80 


-077.15 


<.045 


<,045 


<,04 


2157.25 - 


<.045 
-05/.10 


<.04 


<.04 


<,04 


<.048 


<.04 .50/. 
-50/.70 - 
-50/. 


-50/. 


70 


<.55 


-50/) 


-70/1 
-50/1 


-45/.75 


Yoloy HS 
Yoloy E HS 
Jalten #1 (1) 
Jalten #2 (1) 


Jalten #3 (1) 
Jalloy 1 
Jalloy 3° 
Kaisaloy 
Dynel (3) 
AW70-90 (3) 
HT-50 
Stelcoloy 


Mn-Mo (ASTM A-302 
(Gr. B) 


€.15 
<.16 
<.15 
<.15 


<.25 


<.18 

-12 
+25 
-10 


<.25 


<.75 


<.90 


<1.30 
<1.40 


1.5/2.0 
+20/.35 .30/.60 


.0 


-0 


-25/.55 - 


>.20 - 
-30/.50 - 
>.20 - 
-20/.40 .35/.50 
-30/.60 
-95/1.3 .08/.18 


.10/.20 
- -10/.20 


- -10/.20 
- -107.20 


-03/.08 


- -05/.15 = 


<1.50 


~13/.18 1.0/1.3 . 
-25/.30 1.¥1.55 . 


<1.50 

-60 
+50 
-60 


11/1 


5 


-08/.12 .60/.90 
157.30 


-08/.12 
<,04 


+25 
-60 


+50 
-60 


-§0/.70 .70/.80 - 


- -40/.60 


High-Tensile Steels 


Mn-v (7) 

Mn-v (8) 

(4) 

Mn-Ti (7) 

Mn-V-Ti (Navy Spec. 
4835) 

Mn-V-Ti (7) 


Ni-Cu-Mo-V 
(Navy "G" Steel) 


-16 
<.18 


+15 
<.13 
+15 
-18 


167.18 1.1/1 


1.27 
<1.45 


1.30 
<1.30 
1.07 


-15/.30 - 
+3 .20/.30 015.025 


-02 
15/.35 
+23 


-06 


+5 .55/.85 .30/.40 . 


-017.02 .01/.02 


- - - - 
>.02 - - 00 - - 
055 - - « 


High-Phosphorous Steels (4) 
43. 
4a. 
45. 
46. 
47. 
ag. 
49. 


a) 


50. 


WELDING RESEARCH SUPPLEMENT 


<.12 - - - - 
5 <.22 - - - - 
<.18 - wl - - - 
11 - - - 
15. 150 - 05/.15 - - 
22. 157.30 <.04 - - - .10/.15 - - - 
23. <.35 <.08 <.20 €30 €35 <10 »>02 
29. Ht. 471 (5) 15 1.12 29 .020 -05 -12 04 - ,.012 - - 
ink 
30. Ht. 487 (5) .35 041.07 4 .12 .03 .034 
31. Ht. 488 14 .22 025 1.54 03 >.005 .036 >.005 - - 
a 32. Ht. 490 (5) .30 .028 .09 .10 02 <.005 025 « 
33. Ht. 502 (5) -17 1.11 27 13 26 -22 <,005 - €.01 - 
3%. Ht. 503 (5) 14 1.23 -%0 ell -26 <,005 -035 .010 - 
35. Ht. 50% (6) 1.21 .25 .03 .05 €.01 €,005 
36. 022 - - - eli - - - - 
38 05 
09 1.10 -05 - - - - - - - 
.10 .08 - .85 60 - - 
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of High-Strength Steels 


Yield Point or Endurance Recommended 
Manufacturer Yiteid Str., psi Dimensions Heat Treatment Limit, psi | Weldability Electrode 


Weldable 


Hot-Pormed and Stress- Low-Hydrogen- 
Relieved at 1100 F Coated Electrode 
as-Rolied 42,000 


39,000 Mild Steel 
42,000 
42,000 
1700 P/Avater and 1200 F 60,000 AWS £12015 


Temper 
Hot-Rolled 


Steel Co. > 70,00 49,000 
Lakes Steel] Cor 50, r 45,000 


Quenched and Tempered 


Plate 
4 
Plate 
Youngstown Sheet & T ’ 4 ) Plate As-Rolled 
Co. 
Plate 
Jones and Laugh) 50,00 5, Plate Hot-Rolled 
Corp. 
Plate 
Plate 
Plate 
Plate 87015,810015, 
and £12015 
Kaiser Steel Corp. 50,00 70,( 1" Plate 
- Alan Wood Steel Co. 8,000 72,00 Plate r 
Plate 
5. Armco Steel Corp. 0 5-75, Plate 4 
. Steel Co. of Canada Ltd. >50,000 70,000 Plate } 
8. Lukens Steel Co. 90,0 100 ,000 Plate : 


L. 47,400 
T. 46,650 67,750 


89,150 
89,550 4" Plate As-Rolled 


75-80 ,000 1” Plate 


76,800 


. Bethlehem Steel Co. 50,000 <92,000 <4" Plate As-Rolled Readily AWS B7OXX 
Weldable 


Normalized 


3/4" Pla As-Rolled 


May 1954 253-s 


1. Republic Steel Corp. > 50,000 > 70,00 <i" Plate Hot-Rolled | i 
2. > 50,000 > 70,000 <i" Plate} " 
3. ° 50,000/80, 70,000/105, 3/15"-3/4" 
Plate 
4, U.S. Steel Co. and >50,00¢ >70, 4" max Plate 4 < 
Republic Steel Corp. ; 3 
5. U.S. Steel Co. > 50,000 > 70,00( 4" max Plate 
> 50,00 >70, 4" max Plate 
8. >90, > 105, $"-65" Plate 
2. > 50,000 > 70,000 piace | | 
10, Inland 
12. 5,9 95,200 <1" Plate) 
13 1,00 120,00 <1" Plate | 
32. L. 50,000 76,150 
49,5 0 76,55 
33. L. 52,500 73,15 
T. 48,500 74,750 
34. L. 48,150 72,500 
T. 44,750 72,750 
35. 
36. 65,100 
37. 64,500 
38. 50-53,00 
41, 4 
4. 70,000 
2 
43. 50-55,000 ‘" to 
49. 


Composition and Properties of High- 


Trade Name or Designation 


Composition 


Low-Phosphorous Steels (4) 
a) 
b) 
ec) 
a) 
e) 
ft) 
h) 


Mn-Cu Precip.- 
Hard. Steel (4) 


60. Mn-Mo-Ni-v (8) 
61. cr-v (8) 
62. Cr-Nwi-v (8) 


(U.S. Army -Spec. 
57-114-1A, Class B) 


-17/.25 
-15/.25 


<.18 <1.30 


1.25 


+15/.30 
-487/.75 
-50/.80 .15/.30 


- 1.251.75 
-15/.30 .15/.30 
+15/.30 .15/.30 - 


+15/.25 .08/.13 
-02/.05 
-02/.05 


British Steels 
63. Ducol w21 (9) 
Ducol W25 (9) 
Ducol W30 (9) 
British Steel (4) 
" (4) 
(10) 
D-Steel (3) 
Portiweld (Mo-B) (11) 
71. WMi-Mo (11) 
72. Wi-Mo-B (11) 
73. Mn-Mo (12) 
3%) 
75. 
76. Chromador (14) 
77. Wn-Cr-mi-Cu (14) 
78. BS.548 (10) 
79. (10) 


<.30 
+25 


1.48 


-14/.18 1.0/1.8 


German Steels 
80. SsT52 (3) 

ST52 (3) 

STS52 Commercial (15) 


WNon-Aging (15) 


Cu-Ni 47 Spezial (9) 
Cu-Mi 52 Spezial (9) 
ST52 DBB (14) 

Cr-Cu (14) 
STS2 Mo (14) 

HSB5O (14) 

HSB55 (14) 


Austrian Steels 

91. St 52 T (14) 
92. Aldur 58 (14) 
93. Eletruk (14) 


Prench Steels 
(4) 
(4) 
Ae (14) 
Ac 54 (14) 


Italian Steels 
(15) 
(15) 
(16) 
(16) 
(16) 
(16) 
(16) 


-14/.26 
-14/.17 
-17/.21 
-16/.22 
-19/.25 
-14/.17 
-14/,17 


-B0/1.5 .50/1.5 
1.0/1.2 .80/1.0 
1.1/1.3 1.1/1.3 
1.1/1.3 1.0/1.3 
1.1/1.4 1.0/1.3 
1.0/1.2 .80/1.0 
-80/1.0 .50/.80 


-8 <.80 
+30/.50 .16/.20 .10/.15 


<.30 <.25 


-20/7.30 .10/.20 


2 
3 
4 
6 - - 
2 
ie) 


— 

Mn si P cr Ni cu Mo v Zr B 

-75 -85 - - - - - «15 - - - - : 
-30 - - 1.60 .80 - - - - - 

| <.20 <1.50 - - <.30 <.50 <.30 
18 (1.35 - - - - - - 

21 1.33 47 -033 - 45 - - - 03 .006 - 

83. -18 1.20 -50 +036 - - -10 - 08 - - 

86. <.20 <1.50 <.50 <.05 - - - > 

87. <.20 -80 30 €.06 «40 - .40 - - - - 
88. <.20 1.00 <.06 - - - +20 - - - 
9. <.20 -80 -70 -90 - - - « 
+15 +70 +15 - -50 - -60 - 

‘3 -  .50/1.5 .80/1 

-  .80/1.0 .B0/1 
& 


Strength Steels (Continued) 


Manufacturer 


4” to 3/4" Plate] Not Stated 


Normalized 
Precip. Hardened 


Norm. and Stress- 
Rel. 
Hot-Rolled 


Hot-Rolled, Stress- 
Rel, 


63. Colville 
64, 
66. 


70. Appleby-Frodingham 


As-Rolled and Tempered 
Normalized and Tempered 
Not Given 


Not Given 


Not Given 


As-Rolled 
1616 F/air 
1616 F/Air 


Hot-Rolled and Tempered 
As-Rolied 


1688F/Air and 932F/Air 


As-Rolled 


80. Gutehoffnungs Hitte 
Krupp 


Hot-Rolled or Normalized 
Normalized 


Normalized 


Normalized 


Normalized 


Endurance 
Heat Treatment Limit, psi 


Es Yield Str., ps! | Tensile Str., ps! _ Weldability] Electrode : 
52. 
53. 
54, 
4 55. 3 
59. 45, 80 ,000 
65,00 100,000 
60. 75,00 > 95,000 1" Plate 
61. 80,35 91,250 3” Plate 
62. 40-50 ,000 70*100,000 4" Plate 
51,520( £1.) > 82,880 < 4" Plate 
>55,000( .5% El. >78,400 3/4"-14" Plate ; 

> 60,000( .5% El > 80,000 | 1"-3" Plate 

50-55,000 4"-3/4" Plate 

67. 50-55 ,000 - 4"-3/4" Plate 
68. 64,000 88,000 
69. (No Data Given) 
72. 88,032 102,144 if 
73. 45,920(.02% 
74, > 53,75 78, 400-91 , 840 <1" Plate 
75. 60 , 480 78,400.-91,840 <3" Plate Po 7 
76. 51,204 82,495-96,719 : 
17. 55,471 85,340 
- 78. 54 , 880 92,300 <1" Plate 
79. 55 ,00¢ 78, 400-91 , 800 
50,000 74,00 4"-3/4" Plate 
81. 55,¢ 85,000 ‘ 
82. Long. 51,100 87,000 p 
Trans. 49,300 84,000 
83. Long. 50,000 82,000 5 
Trans. 50,100 82,000 
84. 48,359 66 ,850-79, 650 2.3" Plate 
85. 51,200 73,950-88,185 2.3" Plate 
86. 49,782 73,961-88,185 
87. 49,782 73,961-88, 185 
88. 49,782 73,961-88, 185 
89. 51,204 71,117-85,340 | 
90. 51,208 82,495-96,719 
91. > 46,337 73,961-91 ,029 
92. 56,893 82,495-96,719 4 
93. 56,893 85, 340-99, 563 q 
74 50-55,000 4"-3/4" Plate 
5. 50-55 ,000 4"-3/4" Plate 
; 95. 42,670 71,117-81,073 : 
97. 51,208 76 ,806-91,029 
128-199,126 
99. 128-156 000 
100 - 
102. 
103. 113-142,000 


sidered. In the case of alloy steels, if no information tural quality steels to meet minimum mechanical prop- 


on weldability was given, only compositions having a erty requirements in the as-rolled condition; while, to 
carbon content of less than 0.30°% were listed, although be suitable for pressure vessel construction, these steels 
such compositions are, of course, not necessarily weld- would have to meet flange and firebox quality require- 
able. However, it is justifiable to assume that in ments. 

most cases weldability could be achieved with such 

alloys by suitable adjustment of the carbon, manganese References 

and alloy contents. 1. Jones & Laughlin Steel Corp. Pamphlet, “Jalten Low-Alloy High- 

In the tabulation* of properties, information on we ie & Mah, Monee 28, Mat. & Meth. (July 1947). 
fatigue has also been included, since fatigue behavior is a ere” ee ee 
considered by many to be a significant characteristic of Institute, pp. 08-127 
pressure vessels. In all other respects, the given data Alloy Steet for’ Welded Structures” Welding Research Conncil, Bull. Non 
are self-explanatory. We Journat, 25 (10), Research Suppl., 634-s (1946). 

this list does not necessarily imply that the steel is suit- 
able for pressure vessel use, as many of the steels, par- Steels for Welding Meola, 
would not customarily be sold in a quality suitable for 
pressure vessel construction. The high-strength low- 

14. Folkhard, E., “Die Riss-und Sprédbrue hanfiilligkeit Hochfester 
* No distinction is made in this | tabulation between minimum values and The hee Te, Structural 
ranges which can be employed for specification purposes, and typical values Steel,’ Tae Wetpinc Journ AL, 26 (3), Research Suppl., 149-5 to 152-s 


secured on single heats. For this reason, relative comparisons among the (1947). 
steels listed are in many instances unwarranted and can be misleading. 
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Duty 


JACKSON 


Insulated Copper Alloy Holders 


AA-3S 


ture 
three models fea 
bape eable lower jaws 


In today’s competitive race for stepped-up pro- 
duction, we see new welding machines and new 
electrodes coming on the market, all designed to 
do the work easier and faster. 


Therefore, in choosing the right electrode holder for 
a job, don’t think of rod size alone. We must equally 
consider amperage and cable size, and today, more 
than ever, the required number of electrodes per hour. 
These four factors combined establish the duty cycle, 
that is the percentage of actual arc-time in any ten- 
minute period of work. 


The following table shows the duty cycles possible 
with the various Jackson Insulated Copper Alloy 
Holders, based on using the largest rods and cables 
these holders will take, operating at each holder’s 
rated amperage. 


Holder Model | Electrode Rated | Cable 
Class Number | Size Amperage | Size 


SMALL | AW-C | 7/32” | 250 
mepium | yar | 300 


tance | ayer | 500 


HEAVY- }° A-3S 3/8” 500 3/0 
DUTY AA-3S 3/8” 500 4/0 


This table will help you in making the right selec- 
tion from these Jackson copper alloy holders. Using 
a superior 98% copper alloy heat treated for greater 
strength, hardness and conductivity, these holders 
permit highest duty cycles with ample margin of 
safety. 


WARREN- 


Cycle 
| 1/0 50% 
| 
Sold thr gh D stributor nd Dealer f 
throughout the United States and Car % 


Composite photo of one 


and jet mixer with three differ- 
ent welding tips: 13, 7. 


The Airco Style 800 torch will handle any welding, 
heating or cutting job, thanks to the brand new 
Airco Jet Mixer and two completely redesigned cut- 
ting attachments. 

The new Jet Mixer gives you perfectly stable flame 
control with all gas flows. Cyclonic action swirls the 
gases together, mixing them completely, within a tip 
size range from 0 to 14 inclusive. Rubber gas sealing 
rings provide a gastight seal with hand tightening, 
no wrench required . . . saves time in tip changes. 


Air RepucTION 


60 East 42nd Street * New York 17, N. Y. = 


> 
at the frontiers of progress you'll find... a 


1. NEW CUTTING ATTACHMENT 


New heavy-duty cutting attachment takes all stand- 
ard tips; cuts steel up to 8” thick! Medium-duty 
attachment available for lighter service. Both have 
rubber gas sealing rings, plus mixers which can be 
easily removed for cleaning, if necessary. 

Owners of Style 800 torches can use the new Jet 
Mixer and cutting attachments with their present 
torches. For details, write to Air Reduction or see 
your Airco dealer, asking for your copy of Catalog 
818, “Hand torches for gas welding and cutting.” 


Divisions of Air Reduction Company, Incorporated, 
with offices and dealers in most principal cities 
Air Reduction Sales Company 


Air Reduction Magnolia Company 
Air Reduction Pacific Company 


Represented Internationally by 
Airco Company International 


Foreign Subsidiaries: Air Reduction Canada Limited, 
Cuban Air Products Corporation 
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